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PREFACE. 



This is a new book rather than the second edition of an old one; 
I have found it necessary not only to add much new material, but 
to rewrite the greater part of what I allowed to remain. The list 
of instruments which in the first edition gave the impression of an 
illustrated catalogue, and occupied much space uselessly, has been 
considerably reduced so as to keep the book within reasonable 
limits. 

I still insist upon measurements of current strength as the essential 
condition of a rational application of electricity to medicine. It 
is gratifying to me that the proposition I first made in 1878 of 
adopting the milliweber, now called milliampere, as the electro- 
therapeutical unit, has received the sanction of the special com- 
mittee of the International Congress of Electricians. Absolute 
galvanometers are becoming very generally used on the Continent, 
especially in France and Germany. 

Of equal importance with an accurate knowledge of the actual 
electrical quantities we are using, is a clear understanding of the 
distribution of those quantities among the tissues we wish to in- 
fluence. 

This electrical distribution, or diffusion, depends largely upon 
the extent of the surface through which the current is introduced 
into the body; I therefore propose the adoption of Prof. Erb's set 
of standard electrodes so as to fix once for all the meaning of the 
terms " small," " large," etc., hitherto applied to them in a loose 
manner. The second factor of current diffusion being the relative 
position of the electrodes on the body, I have laid more emphasis 
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upon this topic, supplementing my previous diagrams with the ex- 
cellent figures borrowed from the author just mentioned. 

The chapter on electrophysiology will be found to be new both 
as to matter and form. It embodies the results of observations 
made on man, which are presented in the shape of experiments or 
exercises, the repetition of which the student will find the shortest 
way of acquiring - a complete mastery over the manipulations ne- 
cessary for the practice of diagnosis and treatment by electricity. 

The subject of electrodiagnosis has undergone no marked 
development of late. The description of the phenomena of morbid 
reactions has been merely expanded ; but I have insisted much 
more fully upon the difficulties of electrophysiological experiments 
on man, for such is the performance of an electrodiagnostic inves- 
tigation, so that this part of chapter III. may be taken as a con- 
tinuation of the preceding one. 

With reference to electrotherapeutics proper, the reader will 
observe that the whole chapter on treatment has been written 
by myself. The special part of it was in the former edition a 
translation from the French of the corresponding portion of my 
friend Dr. Onimus' Guide Pratique, My views and methods have 
undergone considerable changes during the past years, and the 
opportunities I have had of bringing them to the test of practice 
have been numerous enough to justify me, I hope, in expressing 
myself with some confidence on this part of the subject. 

I trust that in speaking of the curative value of electricity I have 
been able to keep a happy medium between excessive enthusiasm 
and premature discouragement. We have still much to learn and 
to improve with reference to the modes of electrisation in disease. 
I have endeavoured to give the rationale of the methods, as well 
as directions for carrying out the several applications of the currents 
to disease, so that the physician should be able to modify his treat- 
ment and adapt it to the peculiarities of the cases which come 
before him, a task by no means so simple as some appear to think. 

Finally I have, after some hesitation, added a paragraph on the 
electrolysis of tumours intended to rationalise the method and 
stimulate further researches on the subject, rather than to endorse, 
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and give a complete account of, the results obtained — or at least 
stated to have been obtained — in this field of surgical work. 

Many new illustrations will be found in the second edition, 
among- which several instructive diagrams (figs. I — 7, 22 — 25) 
borrowed from M. Niaudet's Trait'e de la Pile, of which a transla- 
tion has, I believe, been published by Messrs. Spon. My friend, 
Prof. Erb, has kindly allowed me to use some diagrams of the 
Reactions of Degeneration (figs. 79 — 83), and of the current- 
diffusion in the human body (figs. 84 — 88) taken from his great 
work on Elektrolherapie (Volume III. of Ziemssen's series of General 
Therapeutics) of which I am preparing an English edition for 
Messrs. Smith, Elder and Co. 

I have abstained from giving any bibliographical references, 
partly for the sake of economising space, partly because the forth- 
coming treatise by Prof. Erb will contain a very full list of them. 
For similar reasons, I have not introduced any illustrative cases 
into the chapter on treatment; my object is to enable the reader 
to observe and act for himself, rather than to astonish him by 
narrations of any of the wonderful cures — self administered testi- 
monials — so dear to the specialist. Electricity has now won a 
recognised place in medicine in spite of the dangerous praises of 
enthusiasts; but whilst admitting that its therapeutical value must 
be determined by the empirical results of clinical experience only, 
I have endeavoured to remain faithful to the strictly scientific 
modes of thought required by such a physical agent in its study 
and applications. 

One word in conclusion. There are several considerable prac- 
tical difficulties which will no doubt, at least for some time to come, 
prevent electricity from becoming really popular with the medi- 
cal profession. Foremost stands the absence of any theoretical 
and practical teaching in our schools: it is the object of this little 
book to supplement this want in some degree. Next comes the 
question of the apparatus required, which kind is the best, where 
to obtain it, and how to keep it in working order. We in England 
are at a decided disadvantage with reference to our supply of elec- 
trical instruments. Abroad there is no dearth of professed electri- 
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cians prepared to supply the requirements of the physician ; here 
the latter has hitherto had to depend upon the surgical instrument 
maker from whom it is difficult to obtain anything beyond the 
adopted battery of his predilection. I have felt this want the more 
acutely that I have been constantly obliged to answer inquiries 
on this subject, from medical men in trouble. 

I am glad therefore to mention here, in addition to Mr. Schoth's 
name, that of Mr. Thistleton of I Old Quebec Street, Oxford Street, 
who has quite recently announced his intention to devote himself 
solely to the manufacture of medico-electrical apparatus. 

A de WATTEVILLE. 



30 Welbeck Street, W. 

January, 18S4. 
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CHAPTER I. 

ELECTRO-PHYSICS. 

ELECTRIFICATION. 

Under certain circumstances bodies become possessed of properties, 
among which is the power of inducing- similar properties on 
neighbouring- bodies, and of attracting or repelling the latter. We 
say that a body possessing these properties, is electrified. 

The electrification of a body may be more or less considerable; 
and by a process of mental abstraction, we attribute this electrified 
condition to the presence in it of a greater or less quantity of an 
incompressible fluid which we call electricity. 

In this way, electrification becomes susceptible of calculation, 
changes in its intensity being explained by the addition or subtrac- 
tion of certain quantities of fluid called electricity. 

The usual methods of electrifying a body are: — I. Friction; 
2. Contact; 3. Induction. 

According to the mode of its production, electricity displays 
some of its properties in a more marked degree than the others. 

In frictional electricity (franklinism), those properties which 
are designated under the name of static, are most highly developed. 
As the word implies, electro-statics deals with the phenomena of 
electricity at rest. Owing to the very limited applicability of static 
electricity to medicine, it will not be studied in these pages, and 
the reader is referred for further information to any of the usual 
text-books on electricity. 

Electricity in movement, or current-electricity, is endowed with 
but faintly-marked static properties. Its phenomena are chiefly of 
the dynamic order; and concern us more particularly. Electro- 
kinetics (juvicu, to move) embraces the study of galvanism (also 
called voltaism, contact- electricity, the chemical or the constant 

B 



2 POTHNTIAL. 

current), and faradism (also called the induced, the magneto-elec- 
tric or the interrupted current). 

The galvanic current is generated by the contact of dissimilar 
substances, in presence of chemical action (or of heat : thermo-elec- 
tricity). 

The faradic current is generated by the inductive influence of 
galvanism and magnetism, in presence of variations in the intensity 
of this influence. Though the fundamental laws of electro-kinetics 
apply equally to galvanism and to faradism, yet their modes of 
production and external manifestations are sufficiently different to 
require that we should describe them separately. We shall com- 
bine our account of galvanism with the discussion of the laws 
governing electric currents, because the full verification of the latter 
through measurement is possible only by this form of electricity. 
We shall then touch upon faradism, showing the main peculiarities 
which differentiate it from galvanism. 



I. GALVANISM. -POTENTIAL. 

We say there is a difference of Potential between two places 
whenever electricity tends to move from one of these places to the 
other. 

Thus, there is a close parallelism between electricity and water, 
or any other material fluid. If we wish to produce a flow of water 
from A to B, we must make A higher than B. In precisely the same 
manner, if we wish to have a flow of electricity between two points, 
we must create a difference of level between then. The point 
from which electricity (or water) flows, must be at a higher potential 
(or level), than the point to which it flows. 

When we speak of the potential of a point we mean the difference 
between the potential, or electrical level, of that point and that of 
the earth which we assume to be at zero potential : in precisely the 
same manner when we refer to the altitude of a mountain we 
mean the difference of level between it and the surface of the sea, 
which we adopt as our standard level. We assume the earth to be 
in a state of electrical rest, as we do the sea to be at a uniform level : 
and as the one is a practically unlimited reservoir of water, so the 
other is of electricity ; small additions or subtractions of fluid hav- 
ing no perceptible effect in altering the level in either case. The 
potential of a body may therefore be defined as " the excess or 
defect of its potential above or below that of the earth." In the 
same way temperatures are measured by comparison with an arbi- 
trary standard, the temperature of freezing water. The zero of 
our thermometers does not stand for an " absence of heat," but for 
a definite degree of heat, conveniently chosen, which serves as a 
point of comparison. In the same way the earth is not supposed 
to be devoid of electrification ; but the degree of its electrification 
is chosen as a point of comparison. As then we have levels above 
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and below that of the sea, and temperatures above and below 
that of freezing water, so we have potentials above and below 
the earth's potential ; the former are called positive potentials, the 
latter negative potentials. When, therefore, we say that a point 
is at a positive potential, we imply that if connected with the earth, 
electricity will flow from it to the earth ; and, conversely, that if a 
point is at a negative potential, electricity will, under the same 
circumstances, flow from the earth to the point. 

It will be observed that, so far, the expression potential, "posi- 
tive or negative potential of a body" coincides with the statement 
that it is charged with "positive" or "negative" electricity. But 
it frequently happens that the potentials of two points differ, though 
both are at a higher, or at a lower, potential than the earth's 
potential ; we then speak of them as being mutually positive and 
negative, though both are, absolutely speaking, positive, or both 
negative. Such a case does not constitute an exception to the 
general law that the flow of electricity always takes place from 
the higher to the lower potential ; from the more positive to the 
less positive, if both are above, from the less negative to the more 
negative, if both are below the earth's potential. The same thing 
occurs in the case of temperatures ; heat flows from the warmer 
to the colder point, whether both be above, or below zero — just as 
between two cisterns at different levels, but both above or both 
below that of the sea, the stream flows from the higher to the 
lower. 



CURRENT. 

If we unite two insulated conducting bodies electrified to dif- 
ferent potentials, by means of a wire for instance, there occurs al- 
most instantaneously a change in their condition in consequence of 
which they are found to be both at the same potential. We express 
this phenomenon by saying that there has been a flow, or current 
of electricity through the wire from the body at the higher to that 
at the lower potential. — If we adopt means to prevent the equalisa- 
tion of the potentials, or rather if we restore the difference of 
potentials to the two conductors, as fast as it is equalised, the cur- 
rent will be kept up in the wire, and become continuous as long 
as the difference of potentials is kept up. 

Experiment I. Take a piece of commercial zinc and dip it in 
dilute sulphuric acid (i : 4 to I : 10). The metal is attacked by the 
acid, hydrogen rapidly given off, and sulphate of zinc formed. 
Repeat the experiment with distilled and homogeneous zinc — no 
such action takes place. A few bubbles of hydrogen are evolved, 
which remain attached to the metal and protect it against any fur- 
ther chemical action. 

Now take again the piece of impure zinc, and moisten it in the 
dilute acid, and rub into it a few drops of mercury until its whole 



Fig. i. 
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surface is perfectly amalgamated. 
Dip it into the acid— it behaves as 
the piece of chemically pure zinc, 
and is not dissolved. 

Place in the vessel, or "cell" 
as it is technically called, a silver, 
platinum, copper or iron wire, 
or a rod of carbon, and let it 
touch the zinc outside as shown 
in fig. I ; or connect the two metals 
with a wire as in fig. 2. Hydro- 
gen is given off again, not at the 
xinc, however, but at the other 
metal (fig. I.), though it is ob- 
viously the zinc which is attacked 
by the acid. 

Experiment II. Fix the amal- 
gamated zinc and the other metal (or carbon) to the connecting wires 
of an electrometer, and immerse them in the liquid. The instru- 
ment shows the existence of a difference of potential between the 
wires. The wire attached to the zinc is negative with reference to 
the other, in other words its electrical level is lower. This dif- 
ference differs according to the metals used. Any two metals 
under the same conditions give rise to it ; and the following list 
is so arranged that, of any two chosen for the experiment, the 
first imparts negative potential to the electrometer, the difference 
of potential being the greater, the wider apart the metals occur in 
the list: — zinc, tin, iron, lead, copper, silver, gold, platinum, 
(carbon). 

Experiment III. Suspend a piece of magnetised needle to a 
fine thread, and, when at rest bring it near the wire connecting 
the two metals (disposed so as to have the wire and the needle 
parallel). The needle is deflected. 

Experiment IV. Apply the free extremities of the zinc and silver 
immersed in the acid, to the tongue; a slight sensation of pricking 
and a peculiar taste are experienced. Apply them also to a piece 
of blotting paper dipped in a solution of starch and iodide of potas- 
sium ; a blue spot appears at the point of contact of the paper with 
the silver, showing the liberation of iodine. 

The various phenomena observed: (chemical changes in the vessel, 
physiological, chemical and magnetic effects) between the extremi- 
ties of the metals outside — depend upon the current of electricity 
generated when these extremities are connected together directly 
or indirectly. Now it is easy to ascertain that they are not in- 
stantaneous; they persist for a more or less considerable time. 
Hence we conclude that when two metals are dipped into a liquid, 
the difference of potential observed between them, persists even 
after they have been brought in connection with one another. 
We have seen that the wire attached to the zinc is electrified nega- 
tively, with reference to the wire attached to the other metal ; hence 
the name of negative and positive poles given to the terminals 
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of the two metals respectively. The flow takes place from the 
positive pole to the negative, as if the electricity came up from the 
cell at the positive, and went down into it at the negative ; for this 
reason the greek words anode and kathode are often used to denote 
the conductors attached to positive and negative pole (ava, up- 
wards ; Kara., downwards; and oSoc, path).* 

When the two metals are placed in mutual contact, or in con- 
tact with conducting substances, we say that "the circuit is closed," 
implying by this expression that the current of electricity does not 
simply flow from positive to negative pole outside the cell, but that 
within the cell itself the current flows so as to complete a circular 
course. The direction of this assumed internal current must, there- 
fore, be opposed to that of the external ; that is, must be from the 
zinc to the copper as shown by the arrow in fig. 2. The zinc and 
copper have therefore been called positive and negative electrodes 
respectively; the rule being that of any two metals, the one which 
is the more actively attacked by the liquid in the cell is positive to 
the other. We shall see presently how it is that the positive metal 
carries the negative pole of the cell. (See Theory of the Galvanic 
Cell, p. 9.) 

ELECTROMOTIVE FORCE. 



Fig. 2. The name galvanic (or 

voltaic) element has been 
given to an arrangement 
such as the one just de- 
scribed: two metals (or car- 
bon and a metal) immersed 
in a liquid, which has a more 
powerful chemical action 
upon the one than the other. 
A galvanic element, or cell, 
may therefore be described 
as a machine, which by the 
expenditure of work (chem- 
ical changes at the expense 
of a metal), keeps two 
bodies at different poten- 
tials, and thereby yields a 
constant flow of electricity 
througha conductor connect- 
ing these two bodies. 

* Anode and Kathode are commonly mispronounced by making the O long, as 
they are misspelt by having an E for termination. They should, like their con- 
geners method, period, etc., be spelt anod and kathod, the accent falling upon the 
first syllable. I have not ventured to innovate here, as the mistake is a time 
honoured one. But the matter is different when we come to their derivatives. 
In electro-therapeutical writings anodal and kathodal have crept into use instead 
of anodic and kathodic. What should we think of a writer speaking of methodal 
habits and periodal returns ?— There is a distinct advantage of retaining the k in 
kathode, for as we shall see in the chapter on physiology and diagnosis, we have 
to use abbreviations for kathodic closure, and closure contraction, KC, and CC, 
which would be ambiguous if C stood for kathodic. 
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A riccional machine, an induction coil, a thermo-electric 
couple are likewise arrangements for producing a difference 
of potentials between two points — this difference being- mani- 
fested at the poles, the one exhibiting- a certain degree of posi- 
tive, the other an equal degree of negative, potential. This 
property of creating difference of potential depends upon an un- 
known cause at work within the cell, to which the name of electro- 
motive force has been given. We may, roughly, compare the cell 
to a steam engine. As we speak of the locomotive power of the 
one as a fixed quantity, as long as its supply of fuel and water 
remains constant, so we may speak of the electromotive force of 
the other: the electromotive force of the cell depends upon the 
metals and liquids brought into contact, and remains constant, as 
long as these are unaltered. But here the analogy ends ; and it 
is a point of paramount importance, to thoroughly grasp the idea 
that the electromotive force of a cell depends upon the nature of 
its constituents, and upon their nature only. The size of the cell, 
that is, the quantity of the metals and liquids used in its manu- 
facture, leaves its electromotive force absolutely unaltered. Nor 
must electromotive force be understood to be a force like heat, 
light, or electricity. It is a property of matter, not a form of mo- 
tion. It is a "preparedness for doing work" arising from the 
fact of certain substances being brought together, a condition of 
the evolution of electric force. Electric force moves matter; electro- 
motive force is an abstraction, an imaginary force moving the 
abstract, imaginary fluid, electricity. 

Experiment V. Take a piece of amalgamated zinc, and a 
piece of copper or carbon, and immerse them in acidulated water. 
Attach their upper portion, by means of two wires, to the terminals 
of a galvanometer. The needle is deflected. Introduce a second 
cell (of exactly the same composition) in the circuit, as in fig. 3, so 

Fig. 3. 
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that the positive pole of the one cell be connected with the nega- 
tive of the other. The deflection is increased. The electromotive 
forces of cells connected to one another in series, are added arith- 
metically. 

Experiment VI. Introduce the second cell in the circuit in op- 
position to the first, that is, with its poles reversed ; in other words, 
with its positive pole attached to the positive pole of the other cell, 
or (as in fig-. 4) with its negative to the negative. The galvano- 

Fig. 4. 




meter remains at o. No current passes, because the electromotive 
forces of the two cells neutralise one another. 

Experiment VII. Take a zinc and copper cell and observe the 
amount and direction of the deflection it produces on the galvano- 

Fig. 5. 
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meter. Introduce in the circuit and in opposition to it, a similar cell in 
which the zinc has been replaced with iron. A deflection is still 
observed on the galvanometer (fig-. 5) in the same sense as that 
given previously, but not so large. The electromotive forces of 
the two cells are opposed ; but the combination of the zinc with 
the copper, (or carbon) creates a greater difference of potentials, 
than that of the iron with the same body. Hence after neutralising 
the electromotive force of the iron cell, the zinc cell has electro- 
motive force left to keep up a current through the circuit. 

Experiment VIII. Oppose to a cell another cell of the same 
nature, but twice or any number of times larger (fig. 6). The 

Fig. 6. 




needle remains steady; no current passes. The electromotive 
forces of the cells are opposed to one another, and they neutralise 
one another because they are equal, depending upon the natwe of 
the substances employed in the cell, and not upon their quantity. 

Experiment IX. If instead of a single large cell, we oppose to our 
cell two (or more) cells arranged in surface, that is to say, side by 
side, and zinc attached to zinc, and copper to copper, as in fig. 7, 
the galvanometer shows that no current passes. Two or more cells 
arranged in surface, are equivalent to a single cell of the same 
composition, but of such a size as to have metal surfaces equal to 
the sum of the surfaces of the two or more cells. 

For all practical purposes we can thus take electromotive force 
and difference of potential as synonymous; the latter may be con- 
sidered as the external 11 anifestation of the former. The two poles 
of a battery are comparable to two cisterns placed at different 
levels; connect these by means of a pipe, and a flow will take 
place from the higher into the lower cistern. The electromotive 
force of the battery corresponds to the pressure, which urges the 
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Fig. 7. 




water from the higher into the lower cistern and which is due to 
the difference of level. 

Theory of the galvanic cell. What is the part played in the gener- 
ation of a current of electricity (1) by the contact direct or indirect 
of the metals with one another, and with the liquid which bathes 
them; (2) by the chemical action occurring- in the cell? The 
answer to this question gave rise to a lively controversy ; Volta 
had from the beginning maintained what is called the " contact 
theory;" Faraday, on the principle of the conservation of energy 
showed that in order to create force there must be an expenditure 
of energy, in other words that work must be done, and that contact 
alone could not account for the generation of the current. Hence 
he opposed to Volta's his own "chemical" theory, which soon 
generally prevailed. Lately, however, the application of finer 
methods has shown that both theories are right, in-so-far that 
whilst contact is necessary for the creation of a difference of poten- 
tial, chemical action is necessary to keep up that difference of 
potential when the two metals are connected by means of a wire. 
Two metals, say zinc and copper, partially immersed in a liquid 
display next to no difference of potential. The common error of 
supposing that they do, arises from the fact that the experiment 
just described (experiment II) was wrongly interpreted. In order to 
manifest difference of potential the two poles of the cell must either 
be in direct or indirect contact with one another (fig. 1, and ex- 
periment IV), or one of them be in contact with a wire of a differ- 

* Hence the quantity of chemical change (of zinc consumed in the ordinary 
cell) is exactly proportional to the rapidity with which potential tends to be equal- 
ized, in other words with the quantity of electricity flowing in a unit of time from 
the higher to the lower potential (from anode to kathode). 
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ent metal from itself. In experiment II for instance, the electro- 
meter is described as being connected with the poles by means of 
copper wires; it was the junction of that metal with the zinc which 
produced the difference of potential. The zinc, liquid, and copper 
were all positive, the wire alone was negative. 
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Returning- to our example of the two cisterns connected by a 
pipe, we know as an elementary fact that the flow of water is the 
stronger, first, the greater the difference of level between the two 
cisterns ; second, the larger the diameter of the pipe.f Suppose 
now the two poles of a cell to be connected by means of a copper 
wire, the same law will apply ; the strength of the current, that is 
the quantity of electricity flowing in a given time, is determined 
by the electromotive force in the cell,:): and by the diameter of the 
wire. The strength of a current grows with the diameter of the 
conductors in circuit, as well as with the difference of potential, or 
electromotive force of the cell. 

Experiment X. Arranging one or more cells, and a galvano- 
meter as shown in fig. 3, introduce into the circuit between the 
cell and the galvanometer, equal lengths of copper wire of J, i, I 
millimetre in diameter respectively. You will find that the deflec- 
tion of the needle {i.e. the quantity of electricity passing), increases 
with every increase in the diameter of the wire. 

Experiment XI. Instead of using the three wires of the same 
length but of unequal diameter, as in the last experiment, intro- 
duce into the same circuit three wires of the same diameter, say I 
millimetre but of unequal lengths, say in the proportion I, 2, 4. 
You will find that the needle indicates less current as the length of 
the wire increases. The wire whose length is represented by 2, 
will be found to reduce the deflection to the same extent as did the 
wire of ^ millimetre diameter in the former experiment: and the 
wire of four times the length of the first, will reduce it to the same 
point as did the wire whose diameter was % mm. 

Experiment XII. Repeat experiments IX, X, XI, with similar 
wires made of iron, and again of German silver. You will find 
that the relations between the series of deflections obtained in each 
case remain the same, but that their absolute values differ. That 
is, that the deflection given when copper wire is used is always 
larger than is the case with iron wire of the same length and dia- 
meter; and that the deflection is greater under the same conditions 
when either copper or iron wire is used than when the wire is made 
of German silver. 

* See Fleeming Jenkin's " Text-book of Electricity," chap. ii. 

f Neglecting the effects of friction. 

I Assuming the internal resistance to be negligible. 
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Note. Experiments with wires are beyond the reach of all those who do not 
possess a physical laboratory at their disposition. But all the leading facts may 
be illustrated with an ordinary medical battery and galvanometer, and a piece 
of string moistened i° with pure water, 2° with water containing traces of com- 
mon salt, 3° with a concentrated solution of salt. In each case apply the clean 
ends of the battery wires to the extremities of the string, i° fully extended, 
•>■" folded double, 3 Q folded quadruple. 

You will find in each case that the current (i.e. galvanometric deflection) in- 
creases with the increase of diameter of the conducting medium, the string (ex- 
periment X) ; and that the current is very feeble indeed when the string is 
moistened with pure water, stronger when it is moistened with slightly salt water, 
strongest when moistened with saturated salt solution, (experiment XII). Ex- 
periment XI may be repeated by placing the electrodes at, say, I, 2, 4 inches from 
one another on the fully extended string, when you will find that the deflection 
diminishes with the increasing distance between them. 

It is found, however, more convenient to speak, not of conduc- 
tivities, but of resistances. Resistance is the reciprocal of conduc- 
tivity, and the one easily reducible to the other if we remember, 
that the reciprocal -|- denotes the conductivity of a body of which 
the resistance is represented by R. 

It is obvious that we may say indifferently, speaking of the two 
wires (or metals) A and B, that the conductivity of A is 100 times 
better than that of B, or that its resistance is 100 times less than 
(iot) that of B, and conversely that the resistance of B is 100 times 
that of A, or that its conductivity is jig- that of A. — All bodies, 
even the best conductors, offer some resistance to the passage of 
the current. This proposition is self evident when we consider that 
electricity like all other forces of nature, is a mode of motion, and 
that all matter offers a certain amount of resistant inertia to its 
being- put in motion. The best conductor of electricity, as of heat, 
is the body whose molecules vibrate with least difficulty when ex- 
posed to the action of the force. 

Measurement of currents under various conditions proves that : — 

1. The resistance of a wire or other conductor is proportional 
to its length, (experiment XI). 

2. This resistance is inversely proportional to, in other words, 
diminishes with every increase of, the area of its own section, 
(Exp. X). 

3. The resistance of a conductor of given length and diameter 
depends upon the material of which it is made, i.e. upon the specific 
resistance of the material, (experiment XII). 

Let us carry these new factors of the case into our comparison 
of electrical conductors with water pipes. Since all electrical con- 
ductors offer some resistance to the current, we must suppose the 
pipes not to offer an absolutely free passage to the water, but to 
have their lumen occupied by a porous substance, or to be packed 
with bits of sponge or pumice. In such pipes, the diameter in each 
case will influence the amount of water transmitted under uniform 
pressure. But two other elements will enter into the determina- 
tion of that amount : — First, the tightness of the packing, or density 
of the porous material ; second, the length of the pipe. The former 
constitutes the "specific resistance" of the pipe to the passage of 
water. The second obviously follows the consideration that in such 
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a pipe two feet long, twice as much friction, or resistance will 
have to be overcome as in one half that length. 

These considerations will assist us in realising the property of 
bodies considered as electrical conductors : some transmit the cur- 
rent freely, some with greater difficulty, some very sparingly in- 
deed. Metals are the best conductors. Even those which conduct 
badly among them, such as mercury or German silver, do so far 
better than non-metallic bodies. Carbon conducts fairly well. Acids 
and solutions of salts have much less resistance than pure water. 
Bodies such as resins, India-rubber, silk, glass, dry air conduct 
so badly as to deserve the name of " insulators." The human body 
is a conductor, its chief constituent being a saline fluid ; the dry 
epidermis, however, almost acts as an insulator, but becomes a con- 
ductor in proportion as it is soaked with a conducting liquid. 

The following are the specific resistances of various bodies: — 
Silver, r6 ; copper, i'6|; iron, c/8 ; German silver, 21 ; mercury, 
96; pure water, yx io 10 ; acidulated water (about 1 H 2 S0 4 in 10), 
3Xio 10 ; glass, 2 x io le ; gutta 'percha, 3-5 x io 2S - These numbers 
teach us that in a circuit containing wires and conducting liquids 
(such as those of the human body) the resistance of the former are 
quite negligible, at least under ordinary circumstances. 

Let us now put the two ideas of electromotive force and resis- 
tance together in the shape of a formula. The Current of electri- 
city will be directly proportional to the Electromotive force (and 
to the conductivity that is to say) inversely proportional to the Re- 
sistance in the circuit. Or mathematically expressed, C = -^-. 
This is Ohm's law, the foundation-stone of electrical science. 

Let us consider R a little more closely. It represents the resis- 
tance in the whole circuit. In travelling from the positive to the 
negative pole of a cell, the current encounters the resistance of the 
wire, human body, etc., which are included in that part of the cir- 
cuit. This we call the external resistance. But inside the cell, 
what takes place ? The current, in order to complete the circuit, 
must flow from the positive to the negative metal, and there also 
it encounters a resistance, viz., that of the liquids and diaphragms 
interposed. This we call the internal resistance, and our equation 

C = -=- becomes C = ^-, =— 7 where R' is the resistance in the 

J>- K. -+- K. 

battery, and R" that outside. We shall see that R' is often a most 

important element in electrical problems, and one which is too often 

wholly lost sight of by those who have not thoroughly mastered 

the essentials of electrophysics. 



ELECTRICAL UNITS. 

Before proceeding any further, we must pause to consider what 
actual quantities the letters C, E, R represent in the equation just 
given. C is equal to 1 when E = R; it is evident, therefore, that 
we may call a current of unit strength, that which circulates through 
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a resistance of one. unit, generated by an electromotive force of 
one unit. 

Until lately the unit of potentials was the electromotive force of 
a Daniel's cell, whilst the unit of resistance was arbitrarily chosen, 
as that of a piece of copper wire, or column of mercury, of given 
length and diameter. Now when we remember that the electro- 
motive force of a cell is a quantity subjected to variations, depend- 
ing upon changes in its chemical constituents, it is obvious that no 
very dtfinite results could be obtained from the use of such a stan- 
dard. As the industrial uses of electricity spread, however, the 
necessity of fixed standards of measurement become more and 
more felt; and after protracted labours, and innumerable experi- 
ments with most delicate and complex apparatus, the committee 
appointed for that purpose by the British Association promulgated 
a system of electrical units, based upon the absolute units ela- 
borated by Gauss, Weber and other physicists. It would be quite 
beyond the scope of these pages, to refer with more detail to the 
methods used in the determination of electrical quantities ex- 
pressd in terms of absolute units. Suffice it to say that the units 
chosen for E, R, and C, are multiples of the absolute, or C. G. S. ,:s 
unit; and that these multiples were fixed so as to correspond 
to quantities convenient in practice. 

The Volt or unit of electromotive force is a little less than the 
electromotive force of a freshly charged Daniell's cell (I Volt = 
lO 8 C. G. S.). The Ohm, or unit of resistance is to the Siemens' 
unit as I to '9705 (io 9 C.G.S.), hence 20 Ohms = 21 Siemens' 
(nearly). The Ampere, or unit of current strength is thus one tenth 
of an absolute electro-magnetic unit of quantity, and represents 
a current conveying the unit quantity of electricity, that is one 
weber, during one second. f 

It is a great defect in the old-fashioned text-books of electricity, 
as well as in most electro-therapeutical treatises, that they convey 
no definite idea by the enunciation of Ohm's law, on account of 
their leaving the terms electromotive force, etc., in the state of 
mere abstractions, without embodiment into actual magnitudes. 

We speak of a battery of so many Volts as we would of an engine 
of so many horse-power. In both cases these expressions designate 
the capacity of the machine to overcome resistance. We may 
consider the Ohm the unit of resistance in very much the same light 
as we do the metre the unit of length. To the practical electrician, the 
Ohm is simply a standard coil of copper wire 1 m.m. in diameter, 
and 48^5 m. (nearly) in length ; or else a column of mercury 1 sq. 
m.m. in area, 1-05 metre in height. A little practice only is re- 
quired to realise the facts conveyed by these terms ; and we shall 
be amply repaid for our trouble by the clearer conception of elec- 
trical phenomena, and the possibility of recording our observations 

* Centimetre, gramme, second. 

f The unit current strength used to be called the weber, until the late interna- 
tional congress of electricity altered its name, on adopting the B.A. system of 
units. The use of the term weber is restricted to the unit of quantity ; the am- 
pere denotes the same quantity, but includes the time factor implied in the word 
current. 
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in accurate and universally understood language. It is mere waste 

of time to speak in vague and often erroneous terms of the " high 

tension " of batteries of the " infinite resistance " of the human 

body. Much useless controversy has been expended over matters 

which could have been explained in an instant by reference to the 

facts of the case. Thus, for instance, on finding that the current from 

35 sulphate of mercury elements vesicates the skin in a very short 

time, whilst the current from 45 sulphate of copper elements of special 

construction can be borne without discomfort for a long time, it has 

been concluded that the current from the latter has qualities which 

especially suit them for therapeutical purposes — whereas the facts 

are these : the 35 mercury elements have an electro-motive force 

of about 52 volts, and an internal resistance of 100 ohms. The 

45 copper elements have 48 volts E.M.F., and 1500 ohms R'. 

What happens then is this : — in the first case the current flowing 

through the human body (whose resistance is, say, 2500 ohms). 

52 , 48 

- -02. In the second — = -012. 



100 + 2500 1500 + 2500 

In other words the current in the first instance is nearly twice as 
strong as in the second. We shall have the opportunity further on 
of showing that the want of familiarity with the conception of elec- 
trical resistance is at the root of much of the obscurities which 
still shroud the medical application of the currents, and has caused 
many of the various mistakes with which electro-therapeutical 
writings swarm. 

As practical men, having to do with electricity considered as a 
fluid to be administered in definite quantities, it is of paramount 
importance that we should have a thoroughly clear understanding 
of the idea expressed by the words strength of the current, 9 and its 
measurement. 

A current of a given strength, be it a current of water, or elec- 
tricity, or of any other "fluid," performs a certain amount of work 
in a given time. The current of water causes a wheel to revolve 
so many times in a minute ; the current of electricity decomposes 
in a second, so many grammes of water, salts or animal tissue, 
heats a wire to such a temperature, magnetises a piece of iron to 
such an intensity, exerts (within physiological limits) such an action 
upon the organism. With every change in the strength of the 
current, its mechanical, physical, chemical or physiological effects 
display a proportionate change in their intensity. It matters not 
what be the source of the current; it may be chemical work as in 
the case of the voltaic pile, or mechanical work, as in Gramme's 
machine ; its effects are the same, its strength being the same. 
What constitutes the strength of a current, that is, its capacity for 
work, is the quantity of fluid conveyed in a unit of time through 
any sectional area of the channel. A current of unit strength, 
then, is one which conveys a unit of quantity in a unit of time. 



* Current strength is the term now used instead of " intensity of current," a 
useless and misleading expression imitated from the French. 
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It is a current which conveys, in the case of water, one litre in 
in the second ; in that of electricity, one weber in the second. 

The ampere is the unit of current strength ; and by Ohm's law is 
that of a current, furnished by an electromotive force of one volt 
through one ohm, or, generally expressed, by n volts through 

n ohms - = I . This magnitude becomes realised to our 

minds when we embody it in the form of the visible work it yields. 
A current of one ampere sets free, in one second, 1 14-6 cubic milli- 
metres of hydrogen and 57-3 c.mm. of oxygen from the electrolysis 
of water, (at 0=. and under 760 mm. pressure). It deflects a given 
galvanometer-needle to a certain number of degrees. It produces 
on a given portion of tissue, a definite physiological effect. 

It is clear then that when we speak of currents of - Oi I, 10 
amperes, &c, we designate currents conveying tji, i, 10 webers in 
the second; or conversely, conveying I weber in 10c, I, - i second 
respectively — and producing an effect proportional to the quantity 
of electricity they convey. 

The strength of a current is measured in practice by observing 
the amount of work, chemical or mechanical, it does. The volta- 
meter enables us to measure it by the quantity of gas set free by 
the electrolysis of water. Since we know that one weber of elec- 
tricity sets free 171 -9 cubic millimetres of gas, we can readily 
calculate the strength of a given electrical current by noting the 
quantity of gas evolved in a given time. The galvanometer ena- 
bles us to do the same by the amount of deflection of the magnetic 
needle ; this amount bearing a certain proportion to the force 
exerted by the current in overcoming the directive influence of the 
earth upon the needle. 

We shall return to these points when discussing the measurement 
of current strengths applied to the human body, and show the ad- 
vantages accruing from the adoption of the thousandth of an ampere 
as a working unit, and calling it a milliampere. This unit exactly 
suits the requirements of medical practice, for a current of one milli- 
ampere is that given by three Daniell's through the average resis- 
tance of the human body — that is, through parts of medium 
resistance, and through medium sized electrodes. Again, no 
system of measurement is likely to be adopted unless its unit has a 
convenient name ; and it is obviously easier to record strengths of 
I, 5, or 15 m.a. than strengths of tjoi, -005, or -015 of an ampere. 
We have a parallel instance in the use of the metre and millimetre. 
Experience shows that, applied with medium sized electrodes, 
medical currents range between 1 and 20 milliamperes. Hence we 
may conveniently designate such currents as "very weak," " weak," 
" moderate," and " strong," according as they range from 1-5, 5-10, 
10-15, 15-20 milliamperes respectively. "Very strong" currents 
would in this classification range between 20 and 40 m.a., but for 
reasons which will become clear hereafter, presuppose the use of 
larger electrodes. 



l6 ELECTRICAL PHENOMEMA. 



ON THE GRAPHICAL METHOD OF REPRESENTING 
ELECTRICAL PHENOMENA. 

The reader who wishes to obtain a practical grasp of the pheno- 
mena of current electricity, cannot do better than accustom himself 
to represent the relations between electromotive force, resistance, 
and current strength by the following graphical method. Let the 
length OC represent the total resistance of the circuit of which OB 

Fig. 8. 




is equal to the (internal) resistance (R') of the battery, and BC to the 

(external) resistance (R") of the conductor interposed. Draw OA 

at right angles to OC representing the electromotive force (E) of 

the battery. Join AC. The current strength will be represented 

by the slope of AC, that is, by the tangent of the angle ACO, which 

AO 
we know is the geometrical expression for the proportion ~r~ (that 

1S RW } - 

Let OA be 15 millimetres long, representing the electromotive 
force of 8 Bunsen's cells (15 volts), and OB be 10 m.m. long, repre- 
senting the internal resistance of the battery(ioohms). JoinAB. The 
strongest current we can obtain with our battery, is when its poles 
are directly connected, and then our current — tan ABO. If the 
external resistance be equal to 5 ohms (e.g., a piece of platinum 
wire) prolong OB to OC, making BC = 5 millimetres. Then OC 
being equal to AO, the angle ACO has 45 degrees, and our cur- 
rent is equal to I (tan 45); for j v ° = 1 Ampere. With every in- 

15 ohms ' 

crease of our external resistance, OC, OC 2 , OC 3 , the slope of AC, 
AC 3 goes on diminishing, until it vanishes altogether; when we 
have AY parallel to AC prolonged to infinity. An infinite resistance 
being interposed, no electricity can flow ; that is, the circuit is 
broken. 

Now draw BD parallel to AO. The length of BD represents 
the difference of potential between the poles of the battery when 
the current flows through the external resistance BC, that is to say, 
the "tension" of the battery, or again, the electromotive force 
which is effective in maintaining the current through BC, after 
overcoming the internal resistance OB. With every diminution of 
BC, (BC) BD will diminish (BD') ; until BD vanishes altogether 
(B) when there is no external resistance, the poles being in contact. 



Fig. 



GRAPHICAL METHOD. I 7 

With every increase of BC, (BC a , BC 3 ) BD increases until it be- 
comes By = AO, when the circuit is broken. The potential of any 
point in a circuit is therefore equal to the ordinate of that point. 

Let us apply these principles to a concrete example : To find the 
electromotive force and internal resistance of a given battery, with 
a given tangent galvanometer, 
and a given external resistance. 
First, connect the poles of the bat- 
tery to the terminals of the gal- 
vanometer ; let the deviation of 
the needle = angle x. Next in- 
troduce into the circuit the given 
resistance R, and let the deflec- 
tion be then = angle x . Take a 
straight line OA., and make the 
angle OAP = x. Produce the line 
OA to A, and let AA' represent 

R; make the angle OAT' = x . Let AP and A'F meet, as they 
must, at a point Q. From Q let fall QO perpendicular to AO pro- 
duced if necessary. Then OA = internal resistance of the bat- 
tery + known resistance of the galvanometer, and OQ = electro- 
motive force of the battery, in terms of that electromotive force 
taken as unit, which if it acted in a circuit of unit resistance, would 
generate a current capable of causing a deviation 45° upon the 
galvanometer employed. That is, if every inch, millimetre, or any 
other unit of length adopted for AA denotes one ohm, the length 
of OQ expressed in terms of the same unit denotes the electro- 
motive force of the battery in volts, and the length OA denotes the 
internal resistance of the battery, plus the resistance of the gal- 
1 volt 




vanometer ; for 



= i 



and tan 1 = angle 45". 



I ohm 

Let A and B be two points in a circuit, the two poles of a battery 
for instance, and the length of AB represent the resistance of an 
uniform conductor interposed. ,-. 

Let AC be made equal to the * m - la 

electromotive force acting at A 
(i.e., the potential of A) and BD 
that at B, the potentials of these 
two points being positive and 
negative respectively. Then the 
slope of CD, that is the tangent 
of the angle AOC represents the 
strength of the current; and the 
potentials of any points abed along 
AB are equal to the ordinates of 
these points (drawn in the dia- 
gram as full lines between AB and 
CD). The point O, which is at 
zero (the earth's) potential, occurs 
at the middle point of AB. 

By means of an "earth wire," that is of a wire connected with 

c 
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the earth (this is usually done by attaching the wire to a gas or 
water pipe), any other point in the circuit may be brought to zero 
potential. Suppose we so connect the negative pole B of the bat- 
tery : it is then at zero. But the electromotive force of the bat- 
tery remains unaltered, and the difference of potential between A 
and B is still equal to AC + BD, that is equal to AE. The current 
remains unaltered for ABE = AOC ; but there occurs a redistri- 
bution of potentials along the whole of AB; the potential of every 
point A, a, 6, O, c, d, B, being raised by the value of BD. Hence 
the ordinate AE, ad bb Oo ', etc., represent these potentials which 
are all positive. The opposite occurs if the point A is connected 
to earth. The potentials ad bb Oo are now all negative. Any 
point intermediate between A and B being so connected, a corre- 
sponding redistribution of potentials occurs: in order to represent 
the state of things when the point a, for instance, is connected to 
earth, we have simply to draw a line through a parallel to CD ; 
the potentials of A, b, c, d, B would then be represented by the 
ordinates of these points. 
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Electromotive force may be measured statically by observing the 
potential (that is, the "tension" of the older authors) of the point 
at which it acts. For this purpose one of Sir W. Thomson's elec- 
trometers is used. These instruments are of two very distinct 
forms: the 'portable' and the 'quadrant' electrometer. The 
action of each depends on measurement of the attraction between 
two planes, one of which is electrified to a constant potential, and 
the other brought to that which is to be measured. In both forms 
the potential of the electrified plane is kept tolerably constant 
by being connected with a Leyden jar of considerable capacity, 
formed by the case of the instrument. The ordinary portable 
instrument will measure a difference of potential, not less than that 
of about i Daniell's cell or Volt. The quadrant electrometer is 
much more sensitive, and will indicate a difference of potential of 
jfo of a Volt. 

The electromotive force of a cell or battery may be estimated 
by comparison with that of some knoun constant element taken as 
unit. The Daniell is usually so chosen. A circuit is formed con- 
taining a rheostat, a galvanometer and the known electromotive 
force E. A convenient deflection having been obtained by interca- 
lation of the necessary resistance, the second electromotive force 
E' is substituted for the first, and the current brought to the same 
amount by means of the rheostat. Let R be the total resistance in 

the first case, and r that in the second ; then we have - = — ' 

E r 
By using a sensitive galvanometer and a high rheostat resistance, 
the resistance of the battery and galvanometer may be neglected. 
Other methods exist, but need not be explained here. 
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In order to measure in absolute units the electromotive force of 
a given cell or battery, we may make two measurements on a tan- 
gent galvanometer with different rheostat resistances. Suppose a 
cell gives with Rand r ohms, currents of C and C amperes respec- 

y D 

tively ; then its electromotive force E = CC c _ c . — We have al- 
ready seen (p. 17) how to perform the same operation without 
calculation, by means of the graphical method. 

The electromotive force of a battery may be estimated by a 
single measurement with a known resistance in circuit, upon a gal- 
vanometer divided into milliamperes. 

This is the easiest way to proceed when approximate results 
only are required, as would be the case in medical practice. Thus 
20 freshly charged Leclanche's through 1000 ohms would give a 
deflection of about 30 milliamperes. Hence we conclude that their 
electromotive force is equal to about 30 volts (1-5 volt per cell), 

for 30 m.a. = -^ . If after a year's use the battery had 

1000 ohms 

lost much power, we should find that the deflection, with the same 
resistance and galvanometer, was much less — say 10 or 15 milli- 
amperes. Hence we should conclude that the electromotive force 
had sunk to ^ or ^ of its former state — provided always the in- 
ternal resistance of the battery to be still negligible, which is not 
always the case when the small medical elements are tested. 
These are liable to alterations, the consequence of which is an 
enormous increase of their internal resistance. In order to deter- 
mine whether the diminution of the current strength is due to an 
impairment of the electromotive force or an increase of the internal 
resistance, we must oppose to the battery (see experiment VI, fig. 
4) an equal number of freshly charged cells of the same descrip- 
tion, (or a proportional number of cells of known electromotive 
force), and note whether the needle is deflected in the opposite 
direction. If it is not deflected we know that our battery has pre- 
served its electromotive force, and that its diminished action arises 
from its augmented internal resistance. If the needle is deflected 
we know the electromotive force to be deficient ; and we may at 
the same time determine this loss, by finding how many cells of the 
opposed fresh battery are required to neutralise the battery we 
are testing. 

* A galvanometer may also be used for this purpose, whose dial has been ex- 
perimentally divided so as to indicate directly the E.M.F. in volts, provided that 
the internal resistance of the elements measured be negligible. 
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MEASUREMENT OF RESISTANCES; RHEOSTATS. 

We have seen that the total resistance is made up of the internal 
R', i.e. the resistance of the battery, and the external R", i.e. in 
electrotherapeutics the resistance of the human body and elec- 
trodes. 

In order to estimate the internal resistance of a cell, the 
simplest method is to connect its poles with the terminals of a 
tangent galvanometer or of one divided into milliamperes (whose 
resistance we assume to be negligible), and to note the deflec- 
tion. This gives us the currrent strength C which as we know is 
the quotient of E by R. We now introduce into the circuit a rheo- 
stat, and put in resistances until the needle shows that C is diminished 
by half. It is obvious then that the additional external resistance 

E E 

must be equal to the internal, for since _-, = 2 ^ — =-■, R' = R'. 

K R -f- R 

Or we may by means of the graphical method (p. 17) determine 

the resistance from two observations on a tangent galvanometer, 

as described above, and a simple geometrical construction. 

If it is the resistance of a part of the human body that we wish 

to determine, we first note the deflection given when that part is in 

the circuit. We then replace it by the rheostat, and so arrange 

our artificial resistance, that the deflection obtained is the same as 

before : this resistance must be the same as that of the body, for 

C = p , , p ,, in both cases, hence R" must be the same. 

K. + K. 

A Rheostat fusing this term in a wide sense) is an instrument so 
constructed as to allow the interposition of definite resistances in a 
circuit. Of the numerous forms that have been devised, only two 
or three are of importance to the medical electrician. 

Wire Rheostats, otherwise called resistance coils, consist of coils 

Fig. ir. 




Set of resistance coils. Measured resistances are introduced into the circuit 
by placing into ■ .t the coils marked ,, 2, 5,10. S, S, binding screws for rheophores. 
A, B, C etc., handles for putting the resistances in and out of circuit. 



MEASUREMENT OF RESISTANCES. 



21 



of fine German silver wire. Each coil has a definite resistance of so 
many ohms, depending upon the length and fineness of the wire ; 
and by a simple mechanism can be brought into the circuit. It is 
easy with such instruments to introduce any required resistance 
in a circuit, but they are rather expensive. 

Liquid Rheostats consist of a column of water, either pure or con- 
taining a salt, such as sulphate of copper, in solution. The instru- 
ment is usually made of a piece of glass tubing capped at both 
ends with a metallic disk. To these disks are attached the rheo- 

Fig. 12. 




Liquid rheostat. 



phores ; and through one of them a metallic rod works like a 
piston. The rod is long enough to touch the opposite disk when 
fully pushed in. The current, then, encounters no sensible 
resistance ; but as the rod is withdrawn and a layer of liquid is 
interposed, a resistance is created which will be directly propor- 
tional to the thickness of that layer and to the specific resistance 
of the liquid employed, and inversely to the diameter of the tube. 

A rough but useful rheostat can be extemporised out of a piece 
of glass tubing, two corks, and some stout copper wire. The 
tube, filled with the liquid) is corked up at both ends. Through 
one of the corks a short piece of wire is inserted which just dips 
into the liquid ; whilst through the other a longer piece acts as a 
piston. The rheophores are attached to the wires. When very 
high resistances are required, and the tube must be short, pure 
water may be used, (fig. 12.) Usually, however, a solution of sul- 

Fu. 13. 




Trouvfi's liquid rheostat. The rod A is regulated by means of the brass head D. 
The length of the column of liquid C, interposed in the circuit, is read off the 
measured scale. The current enters at E, passes through the pillars B, through 
the metallic pieces and points, and the liquid ; making its exit E'. The scale is 
made of ivory or some such insulating material. 
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phate of copper is preferable as it diminishes polarisation. A 
column of saturated solution I metre high, -5 square centimetres 
area, gives a resistance of about 6000 ohms. The more dilute the 
solution, the greater its specific resistance; hence the shorter the 
tube required. 

Liquid rheostats should be accompanied with a scale corrected 
from simultaneous readings on a set of resistance coils. Even 
then, however, they are not reliable for accurate measurements, 
though amply so when used for introducing approximate resist- 
ances in a current for medical purposes. The inconveniences at- 
tending the handling of long tubes filled with liquid prevent 
unfortunately their ever becoming extensively adopted in electro- 
therapeutics. 

A third kind of rheostat, which possibly may yet be found the 
most suitable for medical practice, though much is yet required to 
bring it to perfection, is that in which powdered graphite is the re- 
sisting material. The substance may be simply spread out in thin 
lines on a vulcanite board, when a resistance is to be extemporised, 
or reduced to a solid compound by admixture with various non- 
conducting bodies, such as gums, in j such proportions as to yield 
hard cylinders of the requisite specific resistance. Attempts are 
being made to overcome the difficulty arising from the fact that 
the resistance of such cylinders is altered considerably by use ; if 
successful, we may be hope to be placed in possession of a cheap 
and useful instrument. 



MEASUREMENT OF CURRENT STRENGTH. 

We have seen that the expression "strength of the current" means 
the quantity of electric fluid conveyed in a unit of time, in other words 
the amount of work, chemical, mechanical, etc. done by the electricity 
in the circuit. Hence the work performed indicates the strength of 
the current flowing. Instruments for measuring currents are based 
upon this principle; the two kinds chiefly used being the voltameter 
and the galvanometer. The voltameter is an arrangement in which 
the chemical action of the current furnishes the index of its strength. 
Electricity in passing through water decomposes it into hydrogen 
and oxygen. 

Experiment XIII. Take a few cells connected in series (as in 
all medical batteries, fig. 23), and attach to their poles two wires, 
the free extremities of which you plunge in a glass contain- 
ing water, or acidulated water. You then observe that the im- 
mersed portions of the wires become coated with fine bubbles of 
gas, which presently escape in greater or less abundance through 
the liquid. No gas is given off from the water between the wires 
but only at the points at which they are in contact with the water. 
The quantity of gas liberated at one of the wires is much greater 
than that evolved at the other. The former you will find to be 
the wire connected with the negative pole, or kathode of the bat- 
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tery; and the gas escaping around it is hydrogen. The latter is 
the anodic or positive wire at which oxygen is given off. These 
gases (2 vols, of H, I vol. O) are the constituents of water (H 2 0), 
which is decomposed or electrolysed by the electric current. 

The weight of water electrolysed or volume of gas given off is pro- 
portional to the quantity of electricity flowing. If then, the amount 
of gas given off by a current in a certain time be collected and 
measured, we shall be able to determine the strength of the cur- 
rent, remembering that the unit current of one ampere gives off 
nearly 115 cubic millimetres of hydrogen, and 57 of oxygen, in 
a second, that is about 10-3 c.c. of the mixed gases in one minute. 

Voltameters are made for collecting the two gases, either sepa- 
rately or together. They consist mainly in a vessel filled with 
acidulated water into which project two wires or plates of plati- 
num to which the wires from, and to, the battery are attached. 
The products of electrolysis are collected in one or two glass tubes, 
standing over these electrodes ; the hydrogen is given off at the 
negative, the oxygen at the positive electrode, (fig. 14). 

Fig. 14. 




Voltameter for collecting the gases separately, H and O. The wires connecting 
the instrument to the battery reach the binding screws at the base. The pro- 
jecting platinum electrodes, connected with the latter, are seen to project into the 
liquid at the bottom of the glass vessel. Two inverted tubes are so disposed as to 
receive the bubbles of hydrogen and oxygen given off from the electrodes, and 
graduated so as to allow the amount of gas collected by displacement of the liquid 
which filied them, to be read off at a glance. 

A voltameter has recently been constructed by Gaiffe which 
is calculated to fulfil many of the requirements of the physician 
desirous of acquiring the means of estimating the strength of his 
battery, or of the currents he uses for therapeutical purposes. 
The instrument is represented in fig. 15, and is used as follows : The 
tubes are filled with water and the corks fixed to their respective 
mouths. The current led by the platinum wires or " electrodes" 
decomposes the water into oxygen and hydrogen, which ascend 
in the inner tube and collect at the top. When the inner tube 
is filled with gas, the inner cork is lifted out by means of the 
wire, the water enters into inner tube from the outer, and the in- 
strument is ready for further measuring. Now and then a little 
water has to be poured into the instrument, so as to secure the e-r 
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Fig. 15. 




filling- of the inner tube when the 
cork is raised. This voltameter 
is a cheap, simple, and reliable 
instrument for estimating' the 
strength of currents, the electro- 
motive force of the battery, and 
the resistance in circuit. But its 
applicability is limited to cases 
where the current is allowed to 
flow for one or more minutes. 
For the measurement of currents 
of short duration, such as are 
used in electro-diagnosis for in- 
stance, a galvanometer is neces- 
sary. A few examples will as- 
sist the reader in realising- the 
method of measuring electrical 
magnitudes by means of the vol- 
tameter. 

Place the voltameter in circuit 

with the battery and the human 

body. Note the amount of gas 

collected in the graduated tube, 

during any one minute, (ist, 2nd, 

3rd,...ioth, nth, etc. minute). 

Since I milliampere of electricity 

T outer tube, C inner tube, both fixed sets free io - 3 cubic millimetres 

to a stand, P.— 6 and 6' corks closing the of gas per minute we have, in 

upper extremities of the tubes. 6 can be Qrder t knQW a pp rox j ma tely the 

lifted out of the inner tube by pulling the , r < . 

wire A which passes through the cork v. strength of the current at any 
O, O' apertures in the inner tube; FF' time, only to divide the number of 

platinum wires projecting into the inner c.mm. of gas set free during one 
tube and connected with the binding minute . t Qr j f we want tQ 

screws BB to which the wires of the ex- . . J . . , r , . . , 

ternal circuit are attached. know the total amount of electncty 

The inner tube is graduated, so as to used during a certain number 

indicate the volume of gas set free in G f minutes, to divide the total num- 

cub.c millimetres. ber of c mm# of gas set free by 

ten. 

In order to compare the electromotive force of two batteries, 
place them successively in circuit with the voltameter and the 
same external resistance (for instance, the same portion of the 
human body, or better the same amount of rheostat resistance), the 
amounts of gas liberated in equal times are then proportional to 
their electromotive forces. 

In order to compare the resistances of two conductors (for in- 
stance, that of an arm with that of a leg, or another arm, etc.), 
note the amounts of gas liberated in equal times with the one, then 
with the other conductor in circuit by the same number of similar 
cells : the resistances are inversely proportional to those amounts. 

We have already seen that a wire through which a cur- 
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rent circulates, deflects a magnetised needle when brought it its 
neighbourhood. This deflection occurs in a definite direction, 
which may be remembered by imagining yourself swimming with 
the electrical current, and with your face always looking towards the 
needle. You would then see the north pole of the needle always 
deflected to your left side. 

A current flowing from South to North above, and a current 
flowing from North to South below the needle, would tend to deflect 
it in the same direction ; and their influences upon the needle would 
be added. In order, therefore, to make a needle sensitive to cur- 
rents otherwise too weak to deflect it visibly, the wire is arranged 
into a coil consisting of a great many turns, each of which acts upon 
the needle which it surrounds. The total effect will thus be equal 
to the deflecting power of one turn multiplied by the total number 
of turns ; hence the name of 'multiplier,' given to a galvanometer 
provided with such a coil. 

The galvanometer may be briefly described as an instrument 
consisting of a magnet freely suspended or pivoted in the centre 
of a graduated disk, so as to be easily deflected by the passage of 
a current in a coil of insulated wire, properly disposed in its 
neighbourhood. 

Equal deflections on the same galvanometer always indicate 
currents of the same strength. But it must be carefully kept in 
mind, 1st, that the angle of deflection is not proportional to the cur- 
rent, and 2nd, that it differs for the same current strength from 
galvanometer to galvanometer, depending upon the length or num- 
ber of turns of the wire, and upon the position of the coil with re- 
ference to the needle. 

Sometimes the needle is placed within the coil as in fig. 16, and 

Fig. 16. 




Du B013 Reymond galvanometer (or multiplier) with 25,000 (or more) turns 
of fine wire for measuring physiological currents. 
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is rigidly connected with a pointer, both being- suspended by means 
of a fine silk thread. The pointer revolves in the centre of a subdi- 
vided dial, and may consist of another mag-net forming an " asta- 
tic " system of much greater sensibility. A fuller description of 
these and the following instruments would be out of place here; 
the reader is referred to the usual electrical text-books for further 
details. 

The sine galvanometer is an instrument so constructed that the 
sines of the angles of deflection produced upon it by currents of 
different strengths, are proportional to these strengths. (Fig. 17). 

Fig. 17. 




Sine galvanometer. — A magnetic needle a, b, carrying a long pointer c, d, re- 
volves on a pin in the centre of the dial A, A, divided into 360 degrees. B, B, is 
a circular frame supporting the coil of the wire *, t'. A spirit level h, serves to 
secure the horizontally of the instrument. 

As far as this the instrument is mainly the same as the tangent galvanometer, 
with the exception that in the latter, the needle must be much smaller. The re- 
maining parts consisting of a graduated circle C, and an index/, serve to determine 
the total angle of deflection, the sine of which is proportional to the strength of 
the current. 

On the tangent galvanometer the tangents of the angles are 
proportional to the current strengths. None of these instruments 
give the absolute current strength, however; the results given by 
each are in terms of itself. In order to obtain measurements in 
absolute units, the sine or tangent must be multiplied by a con- 
stant, called the reduction factor of the instrument. For most 
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medical purposes their size, price, and complication render them 
unpracticahle. 

The ordinary galvanometer, or rather galvanoscope, which is a 
much simpler instrument, indicates, whether any current is passing 
or not, whether the battery is constant and whether the resistance in 
circuit varies. As it obeys no known law in the deflections it gives, 
no calculation can transform readings obtained by it into absolute, 
not even into proportional, measurements. It consists simply of a 
coil of wire influencing a magnetic needle, revolving on a. pin in 
the centre of a dial divided into degrees of a circle. (Fig. .18). 

Fig. 18. 




The needle instead of being placed in a horizontal plane may be 
pivoted so as to hang vertically, and the coil of wire is made to 
occupy a corresponding position. In some respects this is a con- 

Fig. 19. 




Vertical galvanoscope. The needle and coil of wire are contained in the rectangu- 
lar box. The axis of the needle is prolonged externally, and carries a vertical 
pointer which indicates on a scale the angles of the deflections produced, by cur- 
rents. In order to reduce the oscillations of the needle, its axis may be fitted with 
a projecting piece dipping into a vessel filled with oil and contained in the box. 
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venient arrangement ; the needle takes less time to settle when the 
current is made, and can be more readily observed from a distance, 
but its indications are subject to variations which render them 
less accurate. In order to give uniform results the vertical gal- 
vanoscope requires that its needle should always be magnetised 
with the same intensity, an almost impossible condition to fulfil, 
since all magnets lose their force at a more or less rapid rate, 
or are altered by the passage of currents in their neighbourhood. 
Still for medical purposes the vertical galvanoscope is by no means 
to be rejected ; periodical remagnetisation of the needle suffice to 
ensure all the accuracy required in practice. From the position of 
the needle, the variations in the horizontal magnetic force of the 
earth cease to have any influence, and the graduation of the verti- 
cal galvanoscope holds good, for all times and all points of the 
earth's surface, provided always that the magnetisation of the 
needle remain uniform. The work done by the current in deviating 
the needle of the vertical galvanometer, consists in overcoming the 
force of gravity acting on the needle, instead of the directive mag- 
netic force of the earth, as is the case in the horizontal galvano- 
meter. 

It has been the merit of M. Gaiffe of Paris to convert the galvano- 
scope into a really useful and accurate instrument for the purposes 
of the physician. Instead of dividing the dial into degrees, he 
graduated it into subdivisions of the ampere. This most valuable 
improvement introduced in 1873 seems not to have attracted the at- 
tention it deserved until 1877 (see the Lancet, vol. 1), and 1878 (see 
first edition of this book pp. 5 , and 21), when I insisted upon the intro- 
duction into electro-therapeutics of a system of measurement, and 
the graduation of galvanometers in absolute units. Gaiffe's ori- 

Fig. 20. 



I'll}" ;;i; 



Jll 




MEASUREMENT OF CURRENT STRENGTH. 2g 

ginal instruments were subdivided into " ten-thousandths of a unit 
of intensity." This cumbrous terminology, as well as the fact that 
this subdivision was unnecessarily small made me propose the 
adoption of the " milliampere" — then called milliweber — as medi- 
cal unit of electrical quantity or current strength. 

The grounds upon which I urged the adoption of the milliampere 
graduation were that, apart from the necessity of having a con- 
venient name to designate the standard quantity, the milliampere 
is the most practical unit of measurement. For its multiples corre- 
spond to the strength of the currents used in medical applications. 
The resistance of the parts of the human body included between 
electrodes of medium size and applied to the spots commonly 
selected or indicated in the more ordinary cases of treatment aver- 
aging in ordinary individuals from two to four thousand ohms, a 
current of one milliampere, would be yielded by 2 to 4 Daniell's 
cells, and is about the weakest ever used therapeutically or diag- 
nostically. Likewise its multiples 5, 10, 20 express currents yielded 
by 10 to 30 or 80 cells under similar conditions. It is apparent, 
therefore, that in the milliampere we have a convenient unit by 
which to express the electrical doses, as it were, administered to 
patients; or, the current strengths necessary to obtain muscular 
contractions in electro-diagnosis. And this in terms enabling us to 
not only compare the results obtained by ourselves on the same 
galvanometer, with one another, but also with those obtained by 
other observers on galvanometers of any construction, but gradu- 
ated in absolute units. An idea of the peculiarities of the absolute 
galvanometer, contrasted with the galvanoscope, will be obtained 
by a glance atthe diagram. It represents the dial of an instrument 
divided in its upper half into degrees, in its lower half into milli- 

Fig. 21. 
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amperes. The principle that the angle of deflection does not increase 
proportionally to the current strength, is illustrated by the fact, that 
whilst for instance a current of 30 m. a. deflects the needle to ab- 
out 45 , a current of 150 m. a. is required to deflect it to JO°. 

The simplest method of graduating the dial of a galvanoscope 
into sub-divisions of an ampere, is to place the instrument in the 
same circuit as a tangent galvanometer of which the reduction 
factor is known (or a galvanoscope already so graduated) along 
with a constant cell and a box of resistance coils. By means of 
the latter the current is modified so as to produce a deviation of 
I, 2, 3, &c, to 20 or more milliamperes as measured on the standard 
galvanometer. The corresponding deviations of the galvanoscope 
are indicated on the dial, and their value in milliamperes written 
down. 

In the absence of a standard galvanometer, a large standard cell 
is taken of known electromotive force. The most convenient for 
this purpose is the Daniell, in which the sulphate of copper is re- 
placed by nitrate of copper. The electromotive force of such an 
element is as near as possible I volt. Placing the cell in a cir- 
cuit with our galvanoscope the resistance of which must be known 
(call it 50 ohms) and a rheostat. The cell being large its internal 
resistance may be neglected. 

We then introduce 950, 450, 200, and 50 ohms in the circuit. 

The current in each case will be (Ohm's law): = - ooi, 

' 950 + so 

■ = -oo2, ■ = -004, ■ = -oio. In other 

450 + so '200 + 50 " so + 50 

words, 1, 2, 4, 10, milliamperes. The cell through the galvano-, 

meter will give — = - 020 = 20 m.a. The intermediate sub-divi- 

.50 
sions are obtained in a similar manner. 

The operation should be repeated with the current flowing in the 
opposite direction through the galvanoscope, as owing to irregu- 
larities of construction, such instruments give different deviations on 
either side of the zero with the same current. 

The reduction factor of every horizontal galvanometer contains a 
variable element, viz., the magnetic force at the particular point 
of the earth's surface, which enters into account in the graduation 
of galvanoscopes. Hence this graduation is absolutely accurate 
only for such places where the magnetic force is the same as that 
of the locality where the graduation has been performed. For medi- 
cal purposes, however, this source of error would be felt only if a 
graduated galvanometer were to be used in a place far distant 
from that where it had been made. 

The intensity of the terrrestrial magnetism varies also at the 
same place, from year to year, but in an amount altogether negli- 

* The usual Daniell's cell with HS0 4 (1 : 4) has an E.M.F. of 179 volt ; with 
HSOj (1 : 12) of -97s ; with NaCl (1 : 4), of 1-06 volt. Either of the latter might 
be taken, allowance being made for the slight difference between its E.M.F. and 
the volt, (adding 5 ohms to every 100 in the first instance ; subtracting 2 ohms in 
the second}. 
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gible when approximate measurements only are required. This 
amount is about - 004 yearly. 

To give an idea of the variations to which the deflections of the 
needle are liable from variations of the earth's magnetism, I sub- 
join the following table of the approximate magnetic intensities in 
various European cities : — 



In the Year 


1870 


1875 


1880 


In Paris 


1-94 


1-96 


1-98 


In London 


178 


i-8o 


1-82 


In Leipzig 


1.86 


r88 


1-90 


In Darmstadt 


i-gl 


1-93 


1-95 


In Edinburgh 


1 62 


164 


166 


In Zurich 


2-00 


2-02 


2 04 


In Dublin 


1-67 


1-69 


171 


In Turin 


207 


2-09 


2M I 


In Vienna 


2 -OS 


2-07 


2-09 


In Konigsberg 


179 


I-8l 


1-83 



The angle produced by a given current on a given galvanometer 
being inversely proportional to the directive influence of the mag- 
netic force acting on the needle, it is obvious that the indication of 
a galvanometer graduated in London, for instance, would be ex- 
cessive when used in Turin or Vienna, (in the proportion of 182 
to 211 and 209 respectively), deficient when used in Edinburgh or 
Dublin, (in the proportion of 182 to 166 and 171 respectively). It 
will be noticed that the magnetic intensity goes increasing as one 
goes eastwards and southwards from London. The vertical gal- 
vanometer, as we saw, is not subject to this source of variations in 
its indications. 

Why is a graduated galvanometer always useful, often necessary 
in the medical applications of the galvanic current f That a gal- 
vanoscope at least is indispensable, is recognised by all those whose 
experience entitles to speak with authority on the subject. The enor- 
mous variations in the resistance offered by the human body to the 
current according to the individual and the details of the applica- 
tion make even an approximate estimation of the current strength 
by the number of cells used, impossible. The electromotive force 
of the cells themselves, and their internal resistance, differ from 
battery to battery, and from time to time in the same battery. The 
deviation of the needle alone can give us any information as to 
what is going on in the circuit, and allows us to compare the 
currents and ensure their uniformity when required. The sensory 
and motor phenomena elicited are but an empirical and variable 
index of the current strength. 

A galvanometer graduated in milliamperes enables us, in addi- 
tion to this, 1st, to measure and register for further reference and 
comparison the strength of current used in every instance ; 2nd, 
to compare accurately, and if a rheostat be at hand, to measure the 
resistances in circuit; 3rd, to measure in the same way the electro- 
motive forces in circuit. Such a galvanometer is therefore a means 
of education in the hands of him who uses it. Physical science is 
defined as " the comparison of magnitudes." Anyone who wishes 
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to obtain a fair grasp of any one branch of science must practice 
measurements. Nowhere is such a practice more imperative than 
in electrics which deals with the intangible. Electro-therapeutical 
writings swarm with statements proving the impossibility there is 
to think correctly on the subject, as long as the chief manifestations 
of electricity have not become embodied, through the channel of 
the senses, into concrete realities, into measurable magnitudes. A 
few days spent in observation with a cell, a rheostat, and a gal- 
vanometer, will save many a misunderstanding and make a man a 
better electrician than as many months' reading about Ohm's law 
and its consequences. 

The graduated galvanometer is in medical practice a measurer 
of doses. As the scales and weights enable us to administer so 
many grains of iodide of potassium, so it enables us to administer 
so many milliamperes of electricity. It is true that the mere strength 
of the current flowing in this circuit is not the sole index to the 
quantity of electricity circulating in the organ we wish to influence. 
The size of the electrodes and their relative position, and the depth 
and surroundings of the organ ought to be determined before we 
could measure that quantity. But so with the dose of iodide: the 
degree of its dilution in the fluids of the body and its rate of elimina- 
tion in each case should be known before we could obtain numeri- 
cally comparable data. But we are not so advanced in our thera- 
peutical generalisations as to need such a precision. The question 
is still open whether 10, 40 or 80 grains of iodide is a fair average 
dose when certain results are to be obtained. Likewise whether 
5, 10 or 20 milliamperes is the proper strength to apply, (for a 
long or short period and by means of large or small electrodes), 
for the relief of this or that symptom is an ever recurring question 
in electrotherapeutics. The answer must obviously be limited to 
the average human subject, and abnormalities or idiosyncrasies be 
left to be dealt with according to personal experience : still the 
value of definite average indications can scarcely be overrated. 

Much of our posology is still very much a matter of opinion. 
The more reason then to bring all the methods into play which, 
though not eliminating every source of fallacy, assist in bringing 
to a focus the results of a multifarious experience. 



ARRANGEMENT OF ELEMENTS. 

A subject of practical importance in itself, and which will serve to 
illustrate the principles established previously, is the arrangement 
of cells in order to form batteries. By this, we mean the mode of 
connecting the cells of which the latter are composed. We may, 
for instance, connect all the zincs together to the one terminal 
(negative pole), and all the coppers together to the other terminal 
(positive pole) of the battery ; or again, join the copper of the first 
cell to the zinc of the second, the copper of the second to the zinc 
of the third, and so on, then attach the negative terminal of the 
battery to the zinc of the first cell, the positive to the copper of the 
last. 
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The six cells in fig. 22, are connected according: to the first me- 
thod (in surface). In fig-. 23, they are connected according to the 
second (in series). In the former, the current has to pass only once 
from zinc to copper, inside the cells ; in the latter, it has to do so 
six times. 

Fig. 22. 




Fig. 23. 




We may also arrange the six cells in two or three series or 
groups. 

Fig. 24. Fig. 25. 





In fig. 24 the cells are arranged in three series of two cells each, 
or in two groups of three cells; both expressions describe the facts 
accurately. For it is evident that instead of uniting each zinc of 
the anterior row to the copper of the corresponding cell in the pos- 

D 
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terior row, we could unite the three zincs together and the three 
coppers together (as in fig. 22), and unite the compound zinc to 
the compound copper by one transverse piece. Likewise in fig. 25 
we have two series of three cells each, which might also be called 
three groups of two cells each and joined as above. In the former 
instance the current passes twice, in the latter three times, from zinc 
to copper inside the cells. 

Cells united zinc to zinc, and copper to copper, are said to be 
united in simple circuit or in surface; those united zinc to copper, 
to be united in compound circuit or in series. 

According to a now exploded theory, the first arrangement is 
still sometimes called "for quantity," the second "for tension," or 
"for intensity." The truth is that both are for current strength, 
and what is called arrangement, for "tension," is nothing more 
than an arrangement for "quantity" when the external resistance 
is great. Take for instance, six Daniell's elements. The electro- 
motive force of each is very nearly one volt; and the internal re- 
sistance may be taken at 10 ohms. If we join them in series, (fig. 
23) we have a total electromotive force of 6 volts; if we join them 
simply, we have an electromotive force of I volt, which is (fig. 22) the 
same as that of a single cell, the only difference being that the six 
cells may be considered as forming one large cell, with plates of 
six times the area of the single one. To use a rough comparison : 
If we pile up six bricks one foot in all dimensions, we obtain a dif- 
ference ol level of six feet above the ground ; if we put them side 
by side, we have a difference from the ground of one foot only, but 
an area of six square feet. Suppose now instead of bricks we have 
pieces of water-pipe of the same size, and arrange them in the 
same way; in the first case we shall have one pipe six feet long 
and one foot square ; in the second, a pipe one foot long and six 
feet square. It need not be pointed out that the amount of water 
these two pipes can transmit and the pressure in them are very dif- 
ferent. The superficial analogy between the bricks and pipes and 
our six Daniells, is sufficient to illustrate what is meant by saying 
that, when arranged simply, the battery has an electromotive 
force (difference of level) equal to one, whilst its total surface or 
conductivity, is six times that of a single cell (that is, its resistance, 
the reciprocal of conductivity, is six times less), and that when ar- 
ranged in series, its electromotive force is multiplied by six, whilst 
its conductivity is six times less, (or its resistance six times greater) 
than that of a single cell. In the first case the whole electrical 
current has to pass from zinc to copper, only once, and in doing 
so encounters six times less resistance than in a single element, be- 
cause the surface of the metals is six times larger. It is as if one 
cell six times the size of the original ones were used. In the second 
it has to do it six times in succession ; each time it does so, on the 
other hand, it receives an increment of electromotive force equal 
to the difference of potential between copper and zinc, i.e. of one 
volt. (Compare these statements with experiments V and IX.) 

In the arrangement shown in fig. 24, the current has to pass 
twice from zinc to copper, hence the electromotive force of the 
battery is equal to two volts. It encounters likewise the resistance 
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oftheliquid twice — but each time through an area three times greater 
than that offered by a single cell. It is as if two cells of three times 
the size of the original ones were connected in series. Likewise, 
fig. 25 shows an arrangement equivalent to the connecting up three 
cells in series, each of which was twice the size of the original 
ones. 

Let us now return to the formula for Ohm's law, C = R , R „ 

A battery of 20 Daniells arranged 1st in series, 2nd simply, 3rd in 
groups, will give us a current through an external resistance R', 
(the internal resistance, R', being taken at 10 Ohms per cell) : 



A. Arranged in series: C = 



20 x 1 



B. Arranged simply : 

C. Arranged, say, in 
series of 5 cells each). 



C = 

five 



(20 x 10) + R". 
1 



groups of four cells 
S x 1 



each, (or in 4 



-] 



+R". 



c = r 5 

l" 4 

Suppose three cases where R" is respectively a part of the human 
body to be galvanised; a small portion of animal tissue to be elec- 
trolysed; and a piece of platinum wire to be heated for the 
galvano-cautery. 

The resistance of a human arm, with given electrodes, may be 
taken at 3000 ohms; that of the blood of an aneurism (the two 
poles being passed in) at about 8 ohms ; that of the platinum wire 
at ^ ohm. We can tabulate the results obtained in these three 
cases, with the three arrangements above mentioned : 



Arrangement. 


Arm. 


Aneurism. 


Wire. 




20 X 1 


20 X 1 


20 X 1 


A. Compound or 
in series. 


20 X 10 + 3000 

C = -0062 amp. 


20 X 10 + 8 
C = 'og6 amp. 


20 X 10 + J 
C = "i amp. 


> 


1 


1 


1 


B. Simple or in 
surface. 


10 + 3000 
20 

C = '00033 amp. 


10 + 8 
20 

C = -12 amp. 


10 + 1 
20 

C = 1 amp. 




5 X 1 


5 X 1 


5 X 1 


C. Mixed, or in 5 
groups of 4 each. 


5 x 10 +■ 3000 

4 
C = '0017 amp. 


5 X 10 + 8 
4 
C = - 25 amp. 


5 X 10 + J 
4 

C = '38 amp. 



D 2 
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The relative strength of the currents obtained in the three cases 
with each of the three arrangements, shows at once which of the 
latter is to be preferred, in the particular instance given, to obtain 
the greatest effect possible from the 20 cells. 

We see how it is that in order to heat a wire, we must have a 
battery, the electromotive force of which need not be high, (one to 
two volts is enough), but of which the internal resistance must be 
low ; whilst on the other hand in order to galvanise a part of the 
human body, we must have a comparatively high electromotive 
force, but may without prejudice use batteries of great internal re- 
sistance. There is no cell or battery which may be called "the 
best " absolutely ; everything depends upon the external resistance 
to be overcome. By making E larger we necessarily increase R': 
novv where R" is large this increase is usually negligible, but not 
so where R" is small. In the latter case a limit is very soon reached 
where the advantage obtained by increasing E, is neutralised by 
the disproportional growth of R' with reference to R". 

The best method of arranging a given number of cells so as to 
produce the greatest possible effect with a given external resist- 
ance, is determined by the following calculation : Multiply the 
number of cells (N) by the quotient of the external resistance R'by 
the internal R'. The square root of the number obtained indicates 
the number of the groups into which the cells must be arranged. 
It will be found that the most favourable arrangement of a given 
number of cells for giving the strongest current possible with a 
given external resistance, is the one in which the internal resist- 
ance is equal, or as nearly equal as possible, to the external re- 
sistance. 

Let us apply our formula x = V j^ to the examples just 

given. In the cases of the wire and aneurism the results are clear ; 

a/20 X '5 , a/20 X 8 

v ^3 — = v/i = 1 group; and ^ — — = ^6 = 4 groups 
But in the case of the arm we obtain : 



«/2o x 3,000 

^ ^ = */ 6,000 = 77 (nearly). 

This result seems at first sight anomalous. But what it means is 
this, that in order to obtain the strongest possible current from our 
20 cells in a circuit, with an external resistance of 3,000 ohms, we 
should divide them into 77 smaller cells ; i.e., that the current ob- 
tained by about 80 cells, each a quarter of the original cells, and 
consequently with four times the original internal resistance, is the 
strongest obtainable from any arrangement (including subdivision) 
of our 20 cells. Here also the internal resistance is found to he 
made as nearly as possible equal to the external, 77X4X 10=3080. 

Thus we reach the general rule, that in order to obtain the 
strongest current possible with a given number of elements through 
various external resistances, we should be able to alter their ar- 
rangement with every change of external resistance, so as to make 
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in each case the internal resistance equal to the external.* This 
principle finds a direct application in galvano-caustics, where pro- 
vision should be made that the internal resistance of the battery 
may, by various combinations of its elements, always be made equal 
to that of the platinum wire used.f 

In batteries used for medical purposes, the elements are always 
arranged in series because the aggregate internal resistance of 
the cells never come into consideration on account of the large 
resistance of the body, and of the very moderate strength of the 
currents applicable to the living organism. The appended 

Fig. 26. 




diagram shows a battery of 24 cells connected in series. The wire 
N-o forms the negative pole of the battery, and is attached to the 
1st zinc ; the wire 24 P, forms the positive pole, and is attached to 
the last (24th) copper or carbon. Cross wires are seen to connect 



* Some writers haye committed the error of taking this statement to mean that 
under any circumstances; the best battery is the one in which the internal resistance 
is equal to the external resistance, to be overcome. This is pure nonsense; the 
statement concerning the advantage of making the internal resistance equal to the 
external, applies only to cases where a given number of given cells has to be used 
for a certain purpose. Whenever we are free to choose, we shall evidently prefer 
the cells in which, cseteris paribus, resistance is smallest. 

f In arranging a battery for the cautery, it must not be forgotten that the re- 
sistance of a wire increases by about 5 fj for every degree centigrade its tempera- 
ture is raised. We must then make our calculation, not from the resistance of 
the wire when cold, but when raised to the temperature required. The resistance 
of a piece of platinum at low red heat (550 ) is about twice, at white heat (1300 ) 
six times greater than at 0°. 
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carbon to zinc of successive cells. The wires marked 2, 4, 6... 20, 
22, 24, are soldered to the cross wires. In the usual batteries they 
are connected with the studs of the "collector" which will be de- 
scribed further on. By their means it is obvious that one can 
make use of a greater or less number of cells (taken by twos) ac- 
cording to necessity. Thus we may attach our electrode (or 
sponge-handle) to o and to the 2nd, 4th or any other wire, in which 
case the cells in circuit (i.e. in use) will be only those included be- 
tween these wires. We may in fact bring into play any even num- 
ber of consecutive cells in the battery by fixing our electrodes to two 
wires so as to include the former in circuit. Thus if we fix them to 
wires 8 and 14 we bring into action cells 9 to 14 inclusive, and so 
on. The actual methods by which the cells may be rapidly brought 
into play, will be found explained under the head of " collectors." 



CONSTANCY OF CURRENTS. 

The constancy of the current, that is the evenness of its flow during 
a certain length of time, is disturbed by : — 

1. Changes occurring in the cells. 

2. Changes occuring in the external circuit. 

These changes cannot be altogether avoided, but they can be 
neutralized to a great degree. 

Changes within the cells depend upon the chemical action which 
is the very condition of the existence of a current. They consist in 
(a) diminution of the electromotive force; (5) increase of the 
internal resistance ; and (c) the occurrence of polarisation. 

Polarisation is a phenomenon due to the evolution of hydrogen 
and oxygen in the cell from the electrolysis of the water. The 
hydrogen collects on the "platinode" or negative metal, the oxygen 
on the "zincode," or positive metal, and a counter current is gene- 
rated from the hydrogen to the oxygen which may acquire such a 
strength as to neutralize completely the original current. It is 
usual, therefore, to interpose between the two metals a "depola- 
rising " substance, i.e., a substance that will combine with the 
hydrogen and prevent its accumulation on the negative metal. In 
the Daniell this substance is sulphate of copper, in the Leclanch6 
pyrolusite, in the Grove and Bunsen nitric acid, in the Grenet bi- 
chromate of potassium. All these substances are decomposed by, 
and combine with the hydrogen, and so prevent the occurrence of 
polarisation. This they do more or less completely, and for a 
longer or shorter time ; and as they are destroyed in the process, 
the depolarising power of the cell gradually diminishes with use. 
A fresh supply of the substance has therefore to be introduced 
from time to time into the cell. 

Experiment XV. — Take a piece of zinc and of platinum wire and 
immerse them in acidulated water. Connect them with a galvano- 
meter. The deflection speedily diminishes. Now drop some nitric 
acid in the neighbourhood of the platinum : the deflection does 
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not diminish so rapidly, and at the same time fumes of nitrous acid 
are given off. The hydrogen reduces the nitric acid, and does not 
adhere to the platinum. 

Simultaneously with these phenomena, alterations take place in 
the electromotive force and internal resistance. Both of these, as 
we know, remain constant only as long as the constituents of the 
cell are uniform in composition. But as the zinc is dissolved and 
fresh compounds are set free within the cell, these constituents are 
altered, electromotive force falls, internal resistance rises: the cell 
becomes weaker. The rate of these changes is proportional to the 
activity of the cell, that is to the strength of the current used and 
the time during which it flows, i.e., to the quantity of electricity 
evolved. If therefore, a large and a small cell are put to the 
same service the larger will last longer, because there is a larger 
supply of materials within it. 

For the same reason also polarisation is more efficiently neutra- 
lised in larger cells, which consequently are more constant. 
Medical batteries, unfortunately, require a large number of cells 
and must generally be made portable ; hence medical elements 
must be small, and consequently less constant and durable. 

The changes occurring in the circuit during the passage of a cur- 
rent, when a given portion of the body is included between two 
given electrodes are : — 

Polarisation of the electrodes and tissues. 

Permeation of the epidermis with moisture, and hyperaemia of 
the subjacent structures. 

The former set of changes tend to weaken the current, just as 
polarisation within the cell does it, but not to a very appreciable 
degree in ordinary medical galvanisation. 

The latter by diminishing the resistance of the integuments, 
materially augments the strength of the current at least during 
the first few minutes of the application. 

The importance of these sources of inconstancy can hardly be 
over-rated, especially in electrodiagnosis. They cannot be avoided, 
but can be met in two ways : — First, by correction ; that is by the 
combined use of the galvanometer and current regulator, the num- 
ber of cells in circuit being constantly adjusted so as to keep the 
needle steady. This explains itself, and is the system most readily 
adapted to medical batteries. Second, by elimination. This meth- 
od consists in using a very large number of cells and intercalating 
in the circuit a very large additional resistance ; any oscillations in 
the resistances of the body, electrodes, due to the causes above de- 
scribed, become insignificant — nay the whole resistance of the 
body, etc., may be neglected in comparison to that additional re- 
sistance. Thus, if I wish to pass a current of a certain strength, say 
of 5 milliamperes, through a part of the body of which the resistance 
may be taken at 3000 ohms, I must use 15 Daniells, (taken at I 
volt each), for ^J-fo = -005 current strength. The same current 
strength will be obtained from 250 Daniells through a rheostat re- 
sistance of 50,000 ohms: 6 %%% c = -005. It is clear that the throw- 
ing into this circuit of the 3000 ohms of the body will only produce 
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a difference of about ^ g only in the total current strength. Much 
more, therefore, will any oscillations within the resistance of the 
body fall out of calculation, and the utmost constancy be secured. 

For purposes of diagnosis and physiological investigation espe- 
cially, the plan of using a larger number of elements with an 
additional resistance is invaluable, as it secures a great accuracy in 
the results, and saves much time by making the observer inde- 
pendent of the minute attention to the details of the operation other- 
wise indispensable. The large numbers just mentioned are typical ; 
but the principle remains the same when smaller batteries and 
smaller additional resistances are used. The advantage derived 
from the method of elimination proportional to the ratio between 
the additional resistance and that offered by the body. 

As previously mentioned, currents impelled by a high electro- 
motive force through a high resistance are called "currents of high 
tension " in the language of the old fashioned text-books. This is 
a convenient expression, and may be preserved if it be carefully 
divested from the exploded theories with which it is associated. 



DERIVED CURRENTS. 

If two or more paths are opened to the current, as when, for 
instance, the poles of a battery are connected by two or more 
wires, the current divides itself among the wires in such a way 
that the strength of each branch current is inversely proportional to 
the resistance of the wire. The same thing occurs when a cistern 
is provided with several exit-pipes, the amount of water flowing 
through each is directly proportional to the diameter of the pipes, 
or, if we suppose the pipes of equal diameter and length but un- 
equally packed with pieces of sponge, inversely proportional to the 
resistance offered to its flow in the several pipes. 

Let B represent the battery, and let the rheophore bifurcated at 



Fig. 




* The use of this method in electrotherapeutics was first advocated by me in a 
paper in the Medical Times, Sept., 1877. It has since been applied to the investi- 
gation by Tschiriew and myself of the excitability of cutaneous nerves (Brain, 
1879) and to that by Waller and myself of the Electrotonus of man. (Philosophi- 
cal Transactions of the Royal Society, 1881. 
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D convey the current to a rheostat R and to a part of the human 
body R'. A galvanometer is included in each of the derived cur- 
rents, G, G. Suppose the resistance R' to be 2000 ohms. First 
make the resistance in R 2000 ohms, the galvanometers will indi- 
cate that the currents passing through R and R' are equal. Next 
increase the resistance in R to 3000, 4000, &c. ; the deflections 
show that the currents in R and R' become as 2 : 3, 2 : 4, etc. 
Finally, diminish the resistance in R to 1000, 500, etc., and the 
currents assume the ratio in R and R' of 2 : 1, 2 : -5, etc. 

By inserting a third galvanometer into the portion of the circuit 
E B D, where the current is undivided it is seen that the sum of 
the currents in R and R is equal to the current in E B D. 



DENSITY OF CURRENT. 

By the density of a current is meant the proportion between the 
Quantity of electricity, or water, it conveys, and the Diameter of the 

conductor through which it flows, ^ ; the larger D the less the den- 
sity, and inversely. A current of 1 ampere is ten times denser when 
it flows through a wire of I millimetre in diameter, than when it 
does through one of 1 centimetre; ten times more electricity passes 
through every unit of the sectional area of the first wire than 
through every unit of the second. Density of current therefore 
may be described as the quantity of electricity flowing through a 
unit of the sectional area of the conductor in the unit of time. 

A clear conception of the meaning of the term is of vital impor- 
tance to anyone who wishes to understand the behaviour of currents 
applied to the human body. At the risk of appearing tedious, I 
shall therefore present the notion of density over again, under dif- 
ferent aspects. If we send a current of I ampere, (that is convey- 
ing one weber in the second) through electrodes I, 2, 5, 10 square 
centimetres of sectional area respectively, it is evident that whilst 
in the first case 1 weber will pass through I sq. cm., only -5, - 2, •! 
weber will pass in the other electrodes through the same area: 
in other words the density {i.e. the chemical and physiological 
action) of the current in the part of the body under the elec- 
trode diminishes with the size of the latter. If again our current 
flows through a wire, the diameter of which alters from place to 
place, we shall say that its density at any part of the circuit, is in- 
versely proportional to the diameter of the conductor, at that part. 
If the circuit is composed of heterogeneous materials such as 
metallic wires, a pair of electrodes, and the human body, the den- 
sity of the current flowing through will likewise be, at any point of 
the circuit, inversely proportional to the diameter of the conductor 
at that point ; densest therefore in the wire, less dense in the elec- 
trodes and in the part of the body immediately under the electrodes, 
least dense in the portion of the body midway between the elec- 
trodes (see figs, in the next paragraphs and in the chapter on elec- 
trisation). 
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The reader may picture to himself the electrical density at any 
point of a circuit of variable diameter, by representing- the strength 
of a given current flowing through it, by a certain number of lines 
(as is done in subsequent diagrams). These lines expand in the 
wider portions of the circuit, owing to the diffusion, and become 
crowded together in the narrower parts. A crowd issuing through 
a narrow door and gradually expanding passages and finally 
reaching the street, like electricity flowing through a circuit of 
variable diameter, is said to be densest at the narrow exit; it thins 
out, is diluted in space, as it were, as it reaches the wider outlets. 



DIFFUSION OF CURRENT. DISTRIBUTION OF 
POTENTIALS. 

When the rheophores of a galvanic battery are placed in contact 
with any two points of a conductor of any shape and size, the 
whole of the conductor is permeated with electrical currents, which 
diffuse themselves in accordance with the laws of the derived cur- 
rents, i.e., which are the weaker the longer and more circuitous the 
course they take if the conductor be homogeneous; or, what comes 
to the same thing, the greater the resistance they encounter. It is 
evident that a conductor of any kind can be looked upon as consist- 
ing of layers of conducting substance thinning out towards the 
points of application of the rheophores. Each of these layers offers 
a passage to the current, which divides itself among them, (exactly 
as if they were wires) into derived currents of a strength inversely 
proportional to the resistance of their respective paths, and of a 
density inversely proportional to the sectional area of these paths. 
A glance at the diagram (fig. 19) where the lines of current from P 
to N subdivide the conductor into such imaginary layers will make 
this evident. 

In order that a current should flow from one point to another, 
there must be a difference of potential between these two points. 
Hence different parts of a conductor through which a current flows 
are at different potentials. With a cylindrical homogeneous con- 
ductor, such as a wire, the distribution of these potentials is very 
simple: such a conductor may be conceived as made up of a series 
of infinitely thin disks, each of these disks transmitting the current 
from the disk preceding to the disk following it. Every part of 
such a disk would then be at the same potential, which potential 
would be intermediate between those of the contiguous disks. In 
other words, every point of the surface exposed by a transverse 
section of a wire is at the same potential : that is, such a surface is 
an equipotential surface. 

The case is more complicated when the conductor is not evenly 
pervaded by a current, such as in the case of the rectangular uni- 
form conductor represented in the diagram. The equipotential 
surfaces are here represented by the curves 66, 5 5, etc., o O, — I — 1 
etc. for which, however, I do not claim anything like geometrical 
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accuracy. Suppose the battery C Z, (the internal resistance of 
which is negligible), has 14 volts electromotive force. The poten- 
tials at the points P and N are then equal to + 7 and— 7 volts re- 
spectively ; and the distribution of potentials in volts along P N is 
as indicated by the numbers, the middle point being at zero, whilst 
within the conductor itself the potentials are to be found distributed 
as roughly shown by the curves 6, 5, 4, etc. 

Fig. 28. 




Explanation of Diagram. — In the diagram abed represents a rect- 
angular conductor with which the rheophores of a battery C Z are 
brought into contact at the point P and N. The whole conductor 
is then permeated with currents, the general direction of which is 
represented by the lines joining P N. By means of an electro- 
meter or galvanometer, it can be shown that the distribution of 
potentials in the conductor is somewhat as shown by the lines + 6 
6, + 5 5> etc., OO, — 1 1, • — 22, etc. If a b c d represents a piece 
of glass covered with a thin metallic film and dusted over with iron 
filings, when the electrodes are applied at P N, the filings will ar- 
range themselves so as to have their long diameter along the equi- 
potential lines 6, 6, 5, 5, etc., etc. (The lines of current direction P 
N, in order to give an absolutely accurate representation of the facts, 
should cut the equipotential lines wherever they meet, at right 
angles) . 



THE HUMAN BODY AS A CONDUCTOR. 

Any one who wishes to apply the current intelligently to the 
human organism, should spare no trouble to master completely the 
facts presented in this paragraph. This cannot be done by mere 
reading, but only by the sedulous practice of the experiments men- 
tioned here and in the chapter on electrophysiology, in the light of 
the general principles of electrophysics laid down previously, 
(Ohm's law). 

Experiment XVI. — Take a battery with gpalvanoscope in circuit, 
and choosing- a convenient electromotive force, (ten Leclanche 
cells answer the purpose very well), note the deflection of the 
needle obtained when two medium sized electrodes, moistened 
with cold water, are applied to two given spots on one side of the 
body, 1st, at the moment of application; 2nd, after the electrodes have 
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been kept in situ for five minutes. The deflection in the latter case 
is greater, (which means that the current is stronger) because the 
resistance of the epidermis has been diminished by the moisture of 
the electrodes. Repeat the experiment on the symmetrical points 
of the other half of the body, with the electrodes soaked with hot 
salt and water. The deflection is greater at first, and soon reaches 
a greater maximum than before, because the penetration of the 
fluid into the skin is more complete and rapid. Note also the fact 
that the current is stronger when the electrodes are applied firmly 
to, than when they are made to touch lighly, the surface of the 
body. 

Experiment XVII. — Take a pair of each of the different sizes of 
electrodes (fine, small, medium, large, very large), and apply them 
successively to the same two spots with the same electromotive force 
(10 cells) in circuit. The galvanometric deflection increases with 
the size of the electrodes. — Repeat the experiment taking the elec- 
trodes in the opposite order, so as to eliminate the fallacy arising 
from the increased moistening of the epidermis ; and take care 
that, throughout, the electrodes be uniformly soaked. — The skin 
forming the chief resistance of the circuit, every increase in the 
area it offers to the entrance of the current, is accompanied with a 
considerable increase in the total current strength. 

Experiment XVIII. — Take two medium sized electrodes and 
with 10 cells in circuit observe the deflections you obtain when they 
are applied to a number of symmetrical points on the face, neck, 
trunk, .and extremities. You will find that the deflections vary 
greatly. — The experiment must be made carefully ; the electrodes 
are to be well moistened each time they are applied; and each 
time left in situ for the same number of seconds. — That these differ- 
ences are due chiefly to the varying skin -resistance, can be demon- 
strated by repeating the experiment with needles thrust into the 
subjacent tissues (as is done in the treatment of rheumatism, para- 
lysis, etc., by acupuncture), and noting the deflections given with 
one or two cells in circuit. 

Experiment XIX. — Apply a large plate electrode to the nape of 
the neck, and when the skin underneath it has been thoroughly 
soaked, apply the other electrode (small or medium size) to a series 
of points along the trunk and limbs, taking the same precautions 
as in the former experiment. Note the deflections obtained in each 
case : you will find that they vary, not according to the distance 
between the electrodes, but according to the point touched with the 
moveable one. The substitution of a needle for the latter, or the 
occurrence of superficial ulcers or excoriations will serve to show 
that the variations observed, depend upon different skin resistances 
at different points of the body. 

It is of great service in the electrisation of the human body for 
diagnostic or therapeutic purposes, to be familiar with the relative 
resistance encountered by the current, at different points of its sur- 
face. Such a familiarity will speedily be obtained by systematic- 
ally observing the deflection of the needle, under varying conditions 
of experimentation. Though a galvanoscope is sufficient to de- 
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monstrate the existence of great differences between the body re- 
sistances, the observer will be greatly assisted in the realisation 
of the facts by using a galvanometer divided into units of current 
strength, which allows him to compare these resistances with one 
another, and a rheostat which enables him to measure them. 

Looked upon as a conductor of electricity, the human body may be 
compared to a vessel bounded with poorly conducting material (the 
skin) unequally packed with non-conducting solid particles, the in- 
terstices being filled up with a saline fluid of fair conductive power. 
The parts most densely packed with solid particles are represented by 
the bones ; those where liquids predominate, by the muscles. Be- 
tween the two are found the nerves, viscera etc. The contents of 
the blood vessels are the best conducting media in the body. In 
short the list of the various tissues arranged according to their 
watery constituents may be considered as classifying them accord- 
ing to their electrical conductivity. The diffusion of electrical cur- 
rents in such a conductor is evidently very irregular, and impos- 
sible to represent accurately either by word or drawing. It has no 
specific resistance, nay it is impossible to define accurately the 
specific resistance of any one of its component parts whether nerve, 
bone, or muscle, etc. The unequal distribution of blood among 
them, their complex structure (not to speak of their unequal inter- 
nal polarisation) makes any statement concerning their resistance 
subject to variations within wide limits. 

The chief resistance of the skin is located in the epidermis, which 
when dry may be considered as an insulator. The epidermis how- 
ever varies in thickness at different points of the body, and is not 
continuous, being perforated more or less thickly with the outlets 
of sweat-glands and follicles. Its resistance diminishes in propor- 
tion to the degree of its moisture, (artificial soaking, perspiration). 
The increased vascularity of the underlying cutis has probably 
some influence in reducing the resistance of the integuments. 

The resistance of the skin varies accordingly, to a prodigious 
extent, not only between different individuals and between different 
parts of the body of the same individual, but at the same points of 
the same individual under different conditions. 

Some minor points have to be taken into consideration with re- 
ference to the altered resistance of the epidermis, through its per- 
meation with water. Hot salt water reduces this resistance more 
than pure cold water. The cataphorical property of the current, 
and perhaps also its influence on the cutaneous vessels have the 
effect of reducing it still further than mere soaking. (The effect 
of a current on the deeper tissues— polarisation — which is mani- 
fested on reversing it after it has flowed for a time, will be best 
considered along with its physiological effects). 

A most important conclusion to be drawn from the fact that the 
skin, even under the most favourable circumstances, offers the chief 
resistance to the current, is that the size of the electrodes, that is to 
say, the extent of the body-surface offered to the current as spots 
of inlet and outlet, to a great extent determine the strength of 
the current obtainable from a given number of cells, through the 
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body. The resistance of a conductor, we know, varies inversely 
with its diameter: hence by doubling, trebling-, etc., the size of the 
electrodes, we shall diminish the resistance of the skin 2, 3, etc. 
times. Now since this resistance forms the greater part of the 
total resistance in the circuit, it is obvious that its diminution will 
be of great influence on the strength of the current. If we assume 
the resistance of the skin, to be 100 times greater than that (R) of 
the rest of the circuit (battery, electrodes, internal tissues of body), 
the current strength, according to Ohm's law, will be given by 

the equation I00 R + R where E is the electromotive force in cir- 
cuit. 

It is obvious that by diminishing the resistance of the skin by one 
half, we shall increase the current in the proportion of I to 2 
E E 

nearly for 100 R + R : 100 R + R — 51 : 101. These numbers are 

2 
not meant to represent the facts, but merely to illustrate the prin- 
ciple involved in the problem. 

The above discussion may be conveniently summed up in the fol- 
lowing statement. 

"The resistance of the human body" when put forth as a general 
statement is a meaningless expression. By it, is to be understood 
chiefly the resistance of the two particular portions of the skin in 
contact with the electrodes under the conditions of the particular 
application ; the resistance of the intermediate portion of muscle or 
other tissues (except bone) being almost negligible in comparison 
to the former, partly owing to the better conductivity of these tis- 
sues, partly to the large sectional surface they offer to the flow of 
the current. The resistances of the body will varynot somuchaccord- 
ing to the distance of the electrodes from one another, as according 
to their diameter, the degree of moisture of the epidermis, its 
thickness at the point of application, the number of sweat ducts 
offered to the current, and the state of the cutaneous system, and 
to a certain degree, with the strength and length of the electrical 
application. Pressure on the electrodes diminishes the resistance. 

These considerations help to explain the prodigious discrepancies 
between the numbers ascribed by various observers to " the resist- 
ance of the body." The numbers given in' every instance can 
apply only to the particular parts of the body of the particular in- 
dividuals, tested under particular circumstances; when therefore 
we read or say that 2,000 or 3,000 ohms may be assumed to repre- 
sent the average resistance of the parts of the body when galvanised 
with medium electrodes according to the polar method adopted in 
ordinary medical applications, no practical importance, except 
from the most general point of view, can be attached to statements 
of this kind, which are used for the purpose of argument and illus- 
tration only. Variations ranging between 1,000 and 10,000 ohms, 
are by no means rare under those very conditions. 

We now come to the diffusion of the current in the body. 
Wherever on the surface the two electrodes are placed, the whole 
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of it from the soles of the feet to the scalp and tips of the fingers, 
has its potential altered. There occurs in it the same phenomenon 
as that pictured in the diagram illustrating the distribution of 
potentials, in a homogeneous rectangular conductor. Equipoten- 
tial lines of very irregular outline might be demonstrated in it, at 
least on the dead subject, extending throughout to its remotest 
parts, and currents permeate its whole substance flowing at right 
angles to the equipotential lines. The existence of these currents 
can be made manifest, by inserting two needles connected with a 
multiplying galvanometer, into the parts remotest from the elec- 
trodes, {e.g. in the foot when the latter are placed on the arm). 

It is of the highest importance to realise all the consequences of 
current diffusion in electrotherapeutics. We shall return to this 
subject more in detail, when discussing the conditions of nerve- 
excitation on the living body and electrisation of diseased organs, 
(see diagrams in subsequent chapters). 

From the fact that the specific resistances of various tissues and 
organs are widely different, and from the laws of diffusion just set 
forth, we may put down as a practical axiom that comparatively 
powerful currents are required to influence, i.e. reach with suffi- 
cient density, those tissues which being poor conductors themselves 
are surrounded with better conducting material, such as nerves 
deeply embedded among muscles. 



Fig. 29. 




The diagram fig. 29 is intended to illus- 
trate the fact that the current diffuses 
itself throughout the body whatever the 
points of application of the electrodes may 
be. Absolute localization is impossible. 
If A and B are the positive and nega- 
tive poles respectively, the bulk of the 
current flows in more or less curved lines 
from A to B through the tissues enclosed 
between them. Externally to this inter- 
polar region, the direction of the derived 
currents proceeding from each electrode 
is opposed to that of the main current in 
the region, A to «, and B to b. We 
assume here that the body is made up of 
a uniformly conducting substance. The 
thick lines denote the region of greatest 
current density. 

It is of the utmost importance to bear 
in mind the diffusion of currents in elec- 
tro-diagnosis where it is the source of 
numerous fallacies (contraction of distant 
muscles, etc.). The occurrence of cere- 
bral symptoms (giddiness, flashes of light, 
the " galvanic taste") when one of the 
electrodes is applied to the upper part of 
the back, is due likewise to the diffusion 
of current upwards. 
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Fig. 30. 




The diagram fig. 30 is intended to illustrate the following facts: — Two electrodes, 
A B of different sizes being applied to the skin, S, overlying muscular or other tis- 
sue, M, the current exerts the most powerful influence where it is the densest, 
that is under the smaller electrode. It diffuses itself over an indefinite area in the 
manner I have attempted to depict, but which the engraver has not very faithfully 
rendered. The shorter the distance between A and B, the greater will be the pro- 
portion of the current flowing through the tissues immediately between them ; the 
longer the distance, the more it will diffuse itself through the whole of M ; for as 
A recedes from B, it is obvious that the difference between the length of and the 
resistance offered by, the direct path A to B, and the length and resistance of the 
more circuitous path, A C B, diminishes proportionally.* Hence the practical rule 
that the nearer the electrodes, the denser the current (the more powerful the effect) 
in the tissues immediately between them. — Through the skin the current chooses 
chiefly the points of least resistance, viz., the sweat ducts. 



MECHANICAL EFFECTS OF THE CURRENT. 

When a current is sent through two vessels filled with a liquid and 
separated by a porous substance, such as an animal membrane, 
the level of the fluid sinks in the vessel in which the anode is 
placed, and rises in that containing the kathode. In other words 
the current produces a transference of the liquid from the positive 
into the negative vessel. This phenomenon is known as osmosis. 
It naturally occurs between two dissimilar liquids; for instance 
between water and a solution of gum, the direction of the osmotic 
currents being from the lighter to the denser liquid ; but the elec- 
trical current, when opposed to this natural direction, is sufficient 
not only to neutralise the phenomenon, but to reverse the order of 
its occurrence. 

The amount of electrical osmosis grows with the resistance of 
the fluid acted upon, and is thus inversely proportional to the 
amount of electrolytical action. Thus it is very marked with pure 
water, and diminishes with the conductivity imparted to the liquid 
by salts in solution, etc. 

* Though the amount of internal tissues, included between the electrodes, does 
not materially interfere with the strength of the current (which is regulated by the 
epidermic resistance), it does govern the distribution of the current, or ts density, 
in the portion of the body traversed. 
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When a current is sent through part of the body, we may 
readily suppose that such a transfer of liquids from cell to cell 
occurs on its path. Though it is difficult to estimate, even approxi- 
matively, the therapeutical importance of osmotic phenomena, yet 
they must be borne in mind when we try to account for the influ- 
ence of the galvanic current on tissue-change, and for its notable 
power of promoting resorption in certain cases of effusion. 



PHYSICAL EFFECTS. 

The current has certain characteristic physical effects, such as the 
generation of light and heat, the induction of electromotive force 
in neighbouring conductors, and the magnetisation of iron. 

The heating effects of the current are used in galvanocaustics 
where a platinum wire of appropriate length and size is brought 
to incandescence by its means. 

Incandescent wires are also used for the purpose of giving light 
(as for instance in Trouve"'s polyscope) for the examination of the 
throat and other internal organs. In the now popular Edison lamp 
a filament of charcoal, enclosed in a glass bulb devoid of air, re- 
places the platinum wire. 

Some authors speak of the "thermal" effects of electricity in the 
body, apart from the warmth produced by increased circulation. 
They are insignificant; medical currents are so weak, and the bulk 
of the body as a conductor is so great, that a priori it is absolutely 
impossible that a sufficient quantity of electricity should be con- 
verted into heat so as to raise perceptibly its temperature even at 
the points of application of electrodes of ordinary size. 

Some authors, again, have laid much stress upon the existence 
of induced currents in the nerves set up by every make and break 
of the galvanic current. The existence of such currents is doubtless 
possible ; but it is difficult to estimate their importance with reference 
to the physiological effects of electricity. Dr. Radcliffe goes so far 
as to attribute to such induced or extra-currents, the causation of 
contractions at the make and break of the galvanic current. But 
he falls into the curious error, fatal to his hypothesis, of assuming 
that it is the break extra-current that is opposed to the battery 
current, instead of the make. That the primitive galvanic current 
can call forth contractions independently of such induced currents 
accompanying its make and break, is abundantly shown by the 
fact that muscle deprived of its nerves reacts to galvanic and not to 
faradic stimuli. 



CHEMICAL EFFECTS. 

When the extremities of the rheophores connected with a galvanic 
battery are plunged in water, a more or less abundant evolution 
of gas is noticed; oxygen is given off at the positive pole or anode, 
hydrogen at the negative or kathode. This phenomenon is called 
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electrolysis, or decomposition by electricity. The water is split up 
into its constituent elements. The same thing- occurs when the 
solution of a salt is subjected to the influence of the current. Thus, 
if iodide of potassium is electrolysed, free iodine appears at the 
positive pole, and potash at the negative. 

Similarly the chlorides, phosphates, etc., of the body, undergo de- 
composition, the acid radical being set free at the positive, the alkali 
at the negative pole. If then we expose a piece of animal tissue, 
or albumen, to the action of the current the following phenomena 
will be observed. 

i. The water it contains is decomposed; oxygen is set free at 
the anode, and an abundant froth, due to the more voluminous evo- 
lution of hydrogen is noticed at the kathode. 

2. The salts split into acids at the anode and alkalies at the 
kathode. 

3. The former along with the nascent oxygen oxidise the neig- 
bouring tissues; the latter exert their peculiar caustic action. The 
tissues attacked form in the one case a hard dry eschar, in the other 
a soft moist mass, frothy by the admixture of hydrogen bubbles. 

When a sufficiently powerful, or sufficiently protracted current is 
applied to the human body, similar changes occur in the skin, at 
the point of contact of the electrodes. Under the anode an 
eschar is produced with an acid reaction; at the kathode a vesicle, 
filled with an alkaline liquid. If the action is prolonged beyond 
this point, more extensive ulcerations take place, having the general 
characteristics of those produced by acids and caustic alkalies re- 
spectively. 

The use of "impolarisable electrodes" consists in preventing 
the accumulation of the products of electrolysis at the points of 
their application. Hence the dangers of producing eschars, and 
the accompanying pain, are obviated. They are universally em- 
ployed in physiological experiments ; but in medical practice can 
be so only in exceptional cases owing to the complicated manipula- 
tions their preparation necessitates. An impolarisable electrode 
consists of a glass tube plugged at one end with moist clay, and 
fitted at the other with a cork through which passes a rod of amal- 
gamated zinc. The tube is filled with a saturated solution of sul- 
phate of zinc. The zinc is connected with one of the poles of the 
battery, and the clay applied to the skin or nerve. 

Intimately connected with the fact of electrolysis is the existence 
of currents of polarisation in the organism at the moment of breaking 
of the galvanic current. These currents are opposed in direction 
to the original current, and can easily be demonstrated by placing 
the hands in two basins connected with the poles of a battery, and 
after a few minutes electrisation transferring them (after wiping) 
into two other vessels connected with a galvanometer. The needle 
will indicate the existence of a current flowing in a direction opposite 
to that of the primitive current. The same phenomenon is observed 
in experiments upon pieces of animal tissue, and is obviously ana- 
logous to the " polarisation " of inorganic substances. 
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Any galvanic element capable of furnishing- a constant current of 
the greatest strength and longest duration required in applications 
to the human body is thereby qualified for medical uses. Con- 
stancy is the only essential quality of a medical battery. 

Any claim set up for this or that form of cell on the grounds of 
its yielding a current possessing specific healing powers of its own, 
must at once be put down to self-delusion, or to a desire to delude 
others, on the part of he who puts it forth. 

But if all cells of sufficient constancy (and this constancy is a 
characteristic feature of all our modern forms of galvanic elements) 
are eligible from a theoretical point of view, the case is very dif- 
ferent when we look at it from a practical stand-point. Before an 
element is fitted to be used in the construction of a medical battery, 
it has to fulfil several conditions which limit the choice to a very 
few forms. 

A medical battery must usually be portable. Three factors 
make up portability: Smallness of size, lightness, absence of liquids 
easily spilled. Now many elements such as the Daniell, the Grove, 
and other cells cannot be made small and are excluded from our 
list on this score. The Grove again, the Stohrer, and generally all 
elements with acid, are exposed to objection on the ground of 
their liquid contents being easily spilt when their equilibrium is 
disturbed. The weight of a 30 celled Leclanche' or Stohrer bat- 
tery is scarcely less than 30 pounds, including the necessary acces- 
sories. Now this is a great weight for a battery which has to be 
carried about freely. The only element which yields really port- 
able batteries is the Gaiffe (chloride of silver), but it is expensive 
and to be recommended only to those in the habit of using their bat- 
tery every day. Much remains to be done in improving medical 
batteries with reference to their size and weight. 

A medical battery must also give the minimum amount of 
trouble as regards the manipulations requisite to keep it in work- 
ing order. It ought not to be subject to wear when not actually in 
use ; and should be easy to take to pieces when it requires recharg- 
ing and cleaning — a process which should be rarely wanted. All cells 
with powerful chemical action require daily or at least frequent re- 
and charging are thus excluded from use in medical batteries. The 
dilute acid cells (Stohrer's,) with a mechanism to remove the 
zincs, etc., from the acid during rest, are as a rule easily taken 
to pieces and put together again, as well as recharged. The 
Leclanche" on the other hand is usually sealed up and cannot be re- 
charged except by the instrument maker ; on the other hand, this 
process is not frequently needed, but only once in a year or two, 
according to the quality of the materials used in their manufacture, 
and the uses to which the battery have been put. Notwithstanding 
the great improvements effected in medico-electrical apparatus 
during the last few years, the existing batteries can scarcely be 
said to offer more than a choice of evils. In the absence of the ideal 



52 



CELLS AND BATTERIES. 



battery, combining the several requisites enumerated above we 
must be content with adopting the one which offers the least 
disadvantages, and I think on the whole the Leclanche' to be 
described presently is the one to be preferred, and which adapts 
itself best to most purposes, unless the new chloride of silver ele- 
ment, now under trial, is found to realise the hopes it has raised. 

Batteries are of two kinds; 1st, those used for diagnosis as well 
as for treatment; 2nd, those used for treatment only. 

Fig. 31. 




^«r 



Complete medical battery. The element board carries the double collector, 
commutator and interruptor described elsewhere. V, V, are the bolts for securing 
the board, which is hinged so as to allow a ready inspection of the elements. 

The lid carries a galvanometer G. 

The case is separable into two halves for facilitating the repairing or refilling 
of the cells when necessary. The hooks, c, c, secure the two halves together. A 
portion of the case is removed showing the arrangement of the cells P, and the 
connecting wires F. A drawer is provided for containing the rheophores, elec- 
trodes, etc. 

A battery (fig. 19) of the first kind should consist of forty cells at 
least. It should be provided with a dial collector, a commutator 
and a galvanometer. 

A battery (fig. 32) the second kind need not usually have more 
than thirty cells, and should be provided with some means of tak- 
ing the cells by twos or threes, and be fitted with a galvanoscope. 

When portability is not absolutely wanted, as in the case of bat- 
teries for the consulting room or for the electrical room of a hospital, 
the best plan is to have 50 pint or quart size Leclanche's disposed 
in single rows on shelves, and a table placed in front, with the 
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Fig. 32. 




Simple medical battery of 20 cells, with pin and hole collector, and galvano- 
ope, tin plates covered with wash leather. 



cop 



Fig. 33. 




Battery of 20 cells E, E, &c, showing the connections. The element-board 
carries a switch collector M, a galvanometer G, and the binding screws. The 
case H is an open framework. This kind of battery is suited for hospitals, or con- 
sulting rooms, when a small number of elements only is necessary. The crowd- 
ing together of a large battery in superposed drawers is extremely inconvenient, 
and the arrangement described in the text, the only one to be recommended when 
there are more than 20 or 25 cells. 



54 CELLS AND BATTERIES. 

collector, galvanometer and other accessories fixed on the top of 
it; along with a sledge faradic apparatus, and the commutator-al- 
ternator to be described further on. 

Though large cells have no innate advantage for medical purposes 
over small cells, they are to be preferred as being cheaper in the long 
run.° They contain a larger provision of the current-generating 
and depolarising materials, and are less liable to become the seat 
of secondary chemical changes, when not in use. They need not 
be sealed down, and may be got at, examined and replenished by 
almost any intelligent person who has had some experience in 
electric telegraphy, or by the owner himself who is spared the ne- 
cessity of summoning the original maker or sending the battery to 
him. 

A few remarks on the chief causes of failure in batteries may 
conveniently be added here. First, if the failure is gradual, it will 
probably be found that it is due to the deposition of salts in, or to 
exhaustion of the cells. In this case, the remedy is obvious : the 
latter must be cleaned and replenished. This is not the place for 
entering into the details of the operation, which vary according to 
the kind of battery used. Instructions on this point are usually given 
by makers to the buyers of their instruments, when the operation 
is within the competence of the latter. 

Second, the failure is more or less sudden. The source of the 
mischief may be, I, in the cells, 2, in the connections between the 
individual cells, 3, in the connections between the cells and the ele. 
ment board, 4, in the rheophores and electrodes. In order to find 
out which of these parts is at fault, a methodical investigation is 
necessary, and the best is to proceed by elimination. The electrodes 
applied to the skin do not yield any current : disconnect them and 
find out whether this occurs only at one part of the battery, i.e. at 
one stud of the collector; if so, the cause will be found in the wire 
connecting the corresponding cell to the element board. If the 
battery works up to a certain number of cells only, there is a break 
in the cells, or in the wires connecting them together, just beyond 
that point. (Compare fig. 26, and description of collectors). If no 
current, whatever, can be obtained, the electrodes and rheophores 
should be changed ; when if the current is still in abeyance, and 



* Tt is perhaps not altogether unnecessary to refute explicitly here the old 
fallacy that " big cells, having large surfaces of metal, give a greater quantity of 
electricity than small cells, in which the chemical action cannot be so vigorous." 
Now we have seen in Experiment I, that in a properly constructed cell no chemi- 
cal action takes place when the current is not flowing — and the amount of chemi- 
cal change is, by the law of conservation of energy, proportional to the quantity of 
force liberated ; that is to say to the strength of the current. Now by Ohm's law 
this strength is governed by the resistance in circuit, the electromotive force re- 
maining the same. Therefore when the external resistance is large in proportion 
to the internal resistance, the current given by a given element, is practically the 
same whatever the size of the cell. Thus a zinc-carbon cell with plates one 
square mile in surface, will give much the same current through the body, as one 
the size of a thimble. The resistance of the former may be taken to be zero ; of 
the latter to be 20 ohms. Now the electromotive force of each being 2 volts 
nearly, it is obvious that 3 #|riT : stfW = I 5° '■ I 5 I - (Chap. VI, p. 36). 
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the whole number of cells being- in circuit, the fault will be finally 
localised in the first wire, (marked O in fig. 26), or the first cells. 
Having- thus localised the source of mischief, it must be remedied 
accordingly. Electrodes must be cleaned or mended; rheophores 
must be re-adjusted; faulty connections rectified; exhausted cells 
replenished. 

The rheophores are often at fault, usually at the points of at- 
tachment to the electrodes. With ordinary telegraph wire this can 
hardly escape immediate discovery; but in the old fashioned silk 
covered conductors, the metallic threads may be completely 
broken, and yet nothing appear externally. 

Defects in the element-board and its connections are not always 
so readily discovered and rectified; the less so, the more compli- 
cated their structure. A certain amount of familiarity with the 
anatomy of his battery ought to be acquired by its owner, so that he 
should not be entirely dependent upon the instrument maker for rec- 
tifying- every little hitch that is sure to occur at some time or other. 

This remark applies with equal force to the accidents to which 
the cells themselves and their connections are liable. When you 
have determined up to which cell the battery works, carefully 
examine from that point if any connection is loose, or corroded ; if 
any cell leaks, or works irregularly, (salts creeping up, zinc being 
eaten away, etc.). All this of course requires some practical know- 
ledge of electrical matters in general, as well as of the details of 
the battery used, but the labour expended in acquiring this know- 
ledge is sure to repay amply in time. Many disappointments will 
be avoided and time and money saved by him who can dispense 
with external assistance in the management of these little matters.** 

Amalgamation. 

Unless a piece of zinc be perfectly pure and of perfectly homo- 
geneous consistence, it acts, when plunged into dilute acid, as two 
or more metals, and " secondary actions " are set up at its sur- 
face. That is to say the points where the zinc is harder, or con- 
tains iron or arsenic (as all commercial zinc does) act as negative 
electrodes to points where the metal is softer, and currents are set 
up between such points through the liquid and the plate, and thus 
the metal is gradually eaten away. " Amalgamation " obviates 
this serious drawback by giving to the surface of the metal a 
homogeneous consistency. The modus operandi is as follows: wash 
the zinc with dilute sulphuric acid (1 : 4), then drop a little mercury 
upon it, over a plate, and rub in the adhering drops until the 
whole surface is uniformly shining and smooth. A hissing noise 
heard when the plates are immersed in the acid and due to the 
evolution of hydrogen is a sign that the zincs require re-amal- 
gamation. 

* Some readers of my first edition suggested that I should have mentioned the 
price of the various apparatus mentioned in their book. This information they 
will obtain by applying to Mr. Schoth, Electrician, 232 Euston Road, London, 
who will give every information, and is prepared to supply the batteries and 
accessories described in this volume. 
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THE PEROXIDE OF MANGANESE ELEMENTS. 
A Leclanche" cell (fig. 34) consists of an outer vessel made of 

Fig. 34. 




Leclanche cell ; old pattern. To the left a rod of zinc ; in the middle a porous 
vessel containing pyrolusite in fragments and a plate of carbon. The external jar 
is made of glass, and is seen to be half filled with solution of ammonic chloride. 

glass or of vulcanite, containing 1st, a rod of zinc and a plate of 
carbon as electrodes; 2nd, peroxide of manganese, as depolariser; 
3rd, saturated solution of chloride of ammonium, as exciting liquid. 
The advantages of such a combination is that the zinc is not con- 
sumed when the cell is not in circuit. The depolarising power of 
the pyrolusite is quite sufficient when currents of short duration (as 
for feeding an induction coil), or passing through high resistances 
(such as that of the human body) only are required. 

Its electromotive force, when freshly charged, being I -5 volt nearly, 
is higher than that of the chloride of silver and sulphate of copper 
cells. Owing to this fact 30 Leclanche's are equivalent to 40 of the 
weaker elements: the number of cells may thus be reduced, which 
is an advantage when bulk and weight enter into consideration, as 
in portable batteries. 
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The internal resistance of a Leclanche" is somewhat less than 
that of a Daniell of the same size. 

The chemical changes which accompany the evolution of electri- 
city, are that 2n, 2NH 4 C1 and 2Mn0 3 , yield ZnCl 2 , H 2 0, 2NH3, and 
Mn 2 3 ; the peroxide of manganese is reduced, water is formed, 
together with ammonia and chloride of zinc. 

Though theoretically no chemical changes whatever should take 
place in a Leclanche" cell which is not in actual use, yet in practice 
it is found that such is not the case, especially in the small sized 
elements made for medical batteries. This is due to the fact that 
the ingredients used are not perfectly pure. The zincs should be 
drawn instead of cast so as to secure the utmost homogeneity, and 
be thoroughly amalgamated. The sal ammoniac should be chemi- 
cally pure, and the pyrolusite chosen of the best sort, in needles, 
not powdered. There occurs sometimes, notwithstanding all pre- 
cautions, a deposition of crystals of oxychloride of zinc and double 
chloride of zinc and ammonium on the electrodes, which interferes 
eventually with the activity of the cell, by preventing the necessary 
chemical action. This occurs chiefly in the medical elements, 
which contain but a small quantity of liquid. These deposits are 
not very soluble in water, but are more so in a saturated solution of 
chloride of ammonium. Hence it is necessary to keep a slight excess 
of this salt in the cell ; too considerable an excess is to be avoided 
as giving itself rise to crystallization. The crystals once formed 
are to be removed by scraping the electrodes. 

The latest model of the Leclanche" element differs from the 
pristine type in the disposition given to its constituents. Formerly 
the carbon was contained in a porous vessel, and surrounded with 
fragments of pyrolusite more or less tightly packed in that vessel. 
Now the pyrolusite is moulded under very high temperature (iOO° C.) 
and great hydraulic pressure (300 atmospheres), and with the ad- 
mixture of powdered carbon and shellac, into thick plates. This 
improvement has not only enhanced the value of the Leclanche" as 
a constant element, but has considerably simplified the manipula- 
tion required for the changing and cleaning of the cells. The zinc, 
carbon, and depolarising plates are simply bound together by 
means of an elastic band, and deposited in the vessel half filled 
with the solution. 

The following instances will give an idea of the extraordinary 
durability of Leclanche" elements (of large size) when in the hands 
of intelligent persons. A battery at a railway station has been in 
use from July 1867 till August 1876, at which time the zincs were 
still fit for work. During those nine years it was never repaired; 
chloride of ammonium was added only once, and water occasion- 
ally added to make up for the loss by evaporation. Another bat- 
tery worked a signal bell continuously for 23 hours a day during 
II months without being touched. 

In the Leclanche, as in many other cells, a source of danger is the 
creeping of salts upwards to the connections. Thorough protec- 
tion of the latter by paraffin or varnish, and the smearing of the 
upper part of the vessel with grease are essential to their preserva- 
tion. 
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I may add that though pure or amalgamated zinc should theore- 
tically have no advantage over crude commercial zinc in working 
a Leclanchd, yet owing to the tendency to crystallization upon 
the zinc rod, it is advisable to have the latter thoroughly amal- 
gamated, and even if possible to keep its lower extremity sur- 
rounded by a few drops of mercury at the bottom of the cell. 
Much care should also be bestowed upon the selection of the am- 
monia salt — many samples of which contain impurities which lead 
to a speedy arrest of the cell-activity. 

A modified Leclanchd has been constructed and described by 
Prof, von Beetz about twelve years ago, in which the carbon was 
replaced with a piece of platinum. The electromotive force of 
this combination was found to be somewhat higher than that of its 
prototype. Prof, von Ziemssen spoke very highly of it, but ulte- 
rior experience has not justified the hopes raised by the new ele- 
ment. It consisted of a test tube through the bottom of which 
the platinode passed. The zincode, fixed to a cork plunged in 
the solution of sal ammoniac with which the tube was filled. The 
peroxide of manganese occupied about the lower third of the tube. 



Fig. 35. 




Gaiffe's peroxide of manganese cell. V, glass vessel containing a solution of 
chloride of zinc, in which are immersed a rod of zinc Z ; and a cylinder of carbon 
hollowed out to receive the pyrolusite. E E' screws for fixing the connecting 
wires. 



CHLORIDE OF SILVER ELEMENT. 5g 

Coxeter, who has shown the most praiseworthy zeal in his en- 
deavours to improve medico-electrical apparatus, has constructed 
a zinc-platinum element on the same general pattern as the fami- 
liar medical Leclanche. His batteries are light and compact; 
but I have had no personal experience as to their durability. The 
cells are not separable, but moulded in a mass of vulcanite poured 
into the case of the battery, and covered with a layer of resinous 
material. This arrangement may diminish the cost of production 
but makes the recharging a difficult matter. 

Gaiffe, of Paris, has made two alterations in the Leclanche cell, 
(fig. 35). He has substituted a solution of chloride of zinc for that of 
the ammonia salt, and has placed the manganese inside the car- 
bon which is hollowed out for the purpose. The electro-motive 
force of this cell is 1-3 volt. The chloride of zinc has the advan- 
tage of being more soluble, and does not so readily form the 
" creeping salt deposits " which frequently endanger the internal 
connections of a battery. The pyrolusite is very easily replaced 
when exhausted — at least in the case of the large-sized cells. In 
the smaller ones, on the contrary, the danger is that it tends to 
solidify into a hard mass if left too long unchanged ; recharging 
becomes then impossible. 



THE CHLORIDE OF SILVER ELEMENT. 

Zinc and silver are the metals used as electrodes; chloride of silver 
is the depolarising agent. The electromotive is force equal to 1 volt 
nearly. 

A chloride of silver element as usually made consists of a wide, 
flat-bottomed, test tube filled with dilute acid. The stopper con- 
sists of paraffin into which the electrodes (a rod of zinc and wire of 
silver) are fixed. The chloride of silver is cast, in the shape of a 
solid cylinder, around the silver wire. These cells work exceed- 
ingly well, as testified by Mr. Warren De La Rue who has fitted 
up a battery of 12,000 for scientific purposes. 

Gaiffe of Paris, has devoted much attention to the improvement 
of the chloride of silver element, and brought it to a very high 
state of perfection with reference to its portability. A cylindrical 
box of vulcanite, with a top that screws down hermetically, con- 
tains a plate of zinc, and a wire or plate of silver surrounded with 
fused chloride of silver. The zinc and silver are separated by a 
pad of bibulous paper, which, when moistened with a weak solu- 
tion of chloride of zinc contains all the fluid necessary to work the 
cell to exhaustion. A reference to the figures will make the details 
of the construction clear. 

The cells are made of two sizes; the large V is only 3^ inches 
long by 1 § in diameter, and weighs but two ounces; it is used for 
working coils; etc. The smaller size is mainly used for galvanic 
batteries. The experience I have had of these elements is most 
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Gaiffe's Chloride of Silver Element. 
Fig. 36. Fig. 37. 





G, H, S, T, vulcanite eel!. The top screws on, and carries two metallic pieces 
V, V, forming the poles to which are fixed, Z, a plate of zinc, and Y, which in 
fig 36 consists of a shallow silver cup filled with chloride of silver. The two are 
separated by a pad of moistened bibulous paper, I ; the whole being fastened with 
an elastic band, J, K. 

In the other form (fig. 37), the silver electrode is in the shape of a rod, sur- 
rounded with fused chloride of silver. The whole is contained in a muslin bag, Y. 

In order to recharge the cell, unscrew the top of the cell, remove the elastic 
band, disconnect the zinc and silver electrodes, renew the chloride of silver (of 
which it is necessary to have a supply ready moulded), put in a fresh zinc 
and pad of blotting paper, moistened in three per cent solution of chloride of 
zinc. Secure with the India-rubber band, dip the whole in the exciting liquid, and 
fasten the lid. The whole operation takes but a very few minutes. If the cell 
remains long unused, the zinc is liable to become incrusted with oxide ; it is 
then necessary to scrape its surface and moisten the pad with a few drops of 
water. 

favourable. Their electromotive force is about the same as the 
Darnell's, 1-03 volt and they give a very constant current. As re- 
gards convenience they are far by the most portable cells ever 
constructed, and last a long time without requiring cleaning or re- 
charging, which operation is very simple, and can be carried out 
by any intelligent person. The only drawbacks of the Gaiffe cells 
are their elevated initial cost (the working is not very dear, all the 
reduced silver being recovered) and unless used frequently, the in- 
crustation of the zinc with inert oxide — to which may be added the 
necessity of obtaining the recharging materials from the maker 
abroad. 

M. Gaiffe has made me a battery of 60 such elements, of which 
I can speak in terms of the highest praise. It has stood during 
many months the double test of periods of great activity, and of 
travels of more than 2,000 miles, during part of which it shared 
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Fig. 38. 




Gaiffe's Chloride of Silver Battery. 

G, Galvanometer fixed on the lid, with its conducting wires. The connection is 
established through the hinges. The advantage of this arrangement is, that when 
the battery is shut, the needle does not rest upon the pin, and does not wear it 
out uselessly. 

The element board carries a double dial collector with the handles, M, M'. The 
metallic studs are marked, o, 2, 4, etc. The rheophores are attached at B\ B'. 
V, V, V, V, screws fastening down the element board. When not in use the 
handles rest on the dark studs marked " Repos." The commutator is left out ; 
the interruptor marked I. 

The cells F, F, etc. are arranged in rows, into trays. The positive and negative 
poles of each cell, H, H, etc. protrude through the upper part of the tray which 
is placed standing in the box. The inferior surface of the element board carries 
a number of springs, each of which presses upon one pole, and so the connection is 
established between the cells and the dial studs. A drawer at the bottom of the 
battery contains the accessories. 

Size of 60-celled battery : 13 X 7 X 9 inches; weight, 15 pounds. 

the fate of ordinary luggage, without giving any signs of becoming 
weaker, or of being otherwise out of order. I am not aware of any 
other battery which combines to the same extent, durability, port- 
ability, and efficiency. At the same time the cell is not likely to be 
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much used except by those who are in the daily habit of applying 
electricity, owing to the rather serious drawbacks just mentioned. 

One feature of the battery which I do not approve of is the use 
of springs to establish connection between the cells and the dial • 
they unnecessarily add to the weight of the instrument and are 
very difficult to manage oneself when some alteration becomes 
necessary within. 

[I am at present experimenting with a modified chloride of silver 
battery, made at my instance by Schoth, of 232 Euston Road, Lon- 
don. Should the new elements, continue to fulfil my expectations, 
as they have done hitherto, electrotherapeutists will be placed in 
possession of by far the most portable battery ever made. The 
cost of the cells is not greater than that of the ordinary Leclanchd. 
They appear to be free of the incrustations, which interfere so 
much in the working of Gaiffe's model. Finally the recharging 
can be carried out by the owner, being simple, cleanly, and rapid.] 



THE SULPHATE OF COPPER ELEMENT. 

The original form of this element is the well-known Daniell, the 
most extensively used of all cells. It differs from the Bunsen (fig. 
43), by the substitution of copper, and a solution of sulphate of 
copper for carbon and nitric acid respectively. The hydrogen on 
meeting the solution precipitates metallic copper and sulphuric 
acid is formed. 

Its electromotive force is roS volt when the sulphuric acid is di- 
luted 4 times by weight. 

Many modifications in the details of its construction have been 
devised to meet special ends. The following have been used in 
electro-therapeutics. 

The Siemens-Halske cell has in this country a historical rather 
than a practical interest. The porous diaphragm is replaced by a 
thick layer of paper-pulp ; saw-dust, sand, felt, &c, have also been 
used. The resistance is thereby greatly increased and the dura- 
bility of the cell notably improved, but the sulphate sooner or later 
finds its way to the zinc which necessitates periodic cleanings and 
refillings. Remak, in Germany, to whose efforts and influence we 
owe the restoration of the galvanic current into medicine, made 
the greater part of his experiments with this element. 

In order to provide a continuous supply of sulphate of copper, 
several contrivances have been imagined ; in the Meidinger cell 
for instance, a vessel filled with crystals and with its mouth down- 
wards is disposed as in the figure. 

The Callaud or gravitation cell does not contain any diaphragm 
The superior specific gravity of the saturated solution of sulphate 
of copper as compared with that of sulphate of zinc is taken advan- 
tage of, and the two liquids are simply superposed. Of course 
this precludes the possibility of using the cell for any but stable 
batteries. The chief merit of these elements is their cheapness 
and simplicity of structure. 
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Fig. 39. 




Meidinger element. B, is a glass vessel, with a neck dipping into the porous 
vessel containing the copper electrode. The vessel is surrounded by a large cir- 
cular zinc. The crystals and saturated solution with which it is filled before being 
inverted into the cell, keep up the supply of sulphate of copper constantly re- 
newed. 



Fig. 40. 




Callaud element. A copper wire C, encased in a glass tube in its middle, and 
bent into a proper shape at its lower portion, stands in the middle of the cell. A 
plate of zinc is cut and bent so as to fit in the upper part, water is then poured to 
the requisite level, and crystals of sulphate of copper dropped in. In virtue of its 
gravity the inferior layers of the liquid — a saturated solution of the sulphate — re- 
mains distinct from the upper one into which dips the zinc. 
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THE SULPHATE OF MERCURY ELEMENT. 

This element, also called after the name of its inventor Marie- 
Davy, consists usually of a zinc-carbon pair, the carbon extending 
to the bottom of the cell and dipping into a layer of bisulphate of 
mercury. The cell is filled with water which slowly dissolves the 
salt. Metallic mercury is thrown down when action is set up. 



Fig. 41. 



Fig. 42. 





Gaiffe's sulphate of mercury cell. A 
zinc rod and a plate of carbon C, dip in 
a large test tube filled with saw-dust, 
S, moistened with acidulated water. 
At the bottom there is a thick layer of 
sulphate of mercury. 



Trouve's hermetical element. The 
upper half of the vulcanite cell is occu- 
pied by the circular carbon and rod of 
zinc as shown in the figure. The 
lower half is filled with a solution of 
bisulphate of mercury. When now 
the cell is placed on the side, the 
liquid comes into contact with the zinc 
and carbon, and enters into action. 



The cell is very constant when worked through high resistances, 
and its electromotive force is the same as the Leclanches ; but it is 
exposed to the creeping of salts upwards, and is not so clean as the 
Leclanche\ 

Trouve, of Paris, has made an ingenious portable mercury cell 
which enters into action only when turned upside down. The cell 
is hermetical, and very well adapted for working induction coils. 
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Gaiffe's cell consists of a shallow trough of vulcanite with a piece 
of carbon at the bottom. Some sulphate of mercury is spread 
over it, moistened with water, and the zinc in the form of a lid laid 
over the whole. It is extremely convenient for the purpose of 
working- coils, and is figured in the paragraph on "Faradism." 



THE BUNSEN AND GROVE ELEMENTS. 

The Bunsen element, consists of an earthenware vessel filled with 
dilute sulphuric acid into which is plunged a cylinder of amalga- 

Fig. 43. 




Bunsen element. Consisting of an external earthenware vessel which contains 
the zinc, Z, in the shape of a cylinder, bathed in dilute sulphuric acid. Within 
the zinc stands a porous vessel holding the carbon immersed in strong nitric 
acid. 

mated zinc. Within the cylinder stands a porous cell of baked 
clay filled with strong nitric acid, and containing a prism of car- 
bon. The action of a Bunsen is as follows: — the zinc is attacked 
by the sulphuric acid, sulphate of zinc being formed. The oxy- 
gen formed by the electrolysis of the water remains about the 
zinc, whilst the hydrogen combines with some of the oxygen 
of the acid which is reduced to nitrous acid, as evidenced by the 
evolution of the characteristic red fumes. As long then as there is 
a sufficient quantity of acid to oxidise the hydrogen, a constant 
current circulates. 

Grove's cell is essentially the same as Bunsen's, the main differ- 
ence being the replacement of carbon by platinum. Its chemical 
reactions are the same. The currents supplied by these two cells 
are very powerful, their electromotive force being about 2 volts, 
and their internal resistance being capable of being reduced to a 

F 
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fraction of an ohm. Once charged, they work very regularly for 
a few hours. But the unpleasant fumes they evolve, and the diffi- 
culty of manipulating the strong acids restricts their use consider- 
ably. Their application in electrotherapeutics is limited to the 
heating of wires for the galvanocautery. 



SINGLE FLUID ELEMENTS. 

Zinc-platinum element. — This element, known as Smee's, consists 
of a plate of zinc, and a plate of platinised silver dipping in dilute 
sulphuric acid. Platinised silver is used on account of the less ten- 
dency hydrogen has to accumulate upon a surface of finely divided 
metal. In Frommhold's battery platinised lead is used, being 
cheaper. The electromotive force of the Smee is under I volt. 

The zinc-carbon element. — This element which has been popularised 
in the medical world by Stohrer, consists of a pair of zinc and car- 
bon plates dipping into a weak sulphuric acid solution (i in 10 or 
20 parts of water). Its electromotive force is higher than the 
Smee's (1*4 volt) ; and like platinised silver, the carbon, owing to 
its rough surface, offers a certain opposition to the adhesion of 
hydrogen bubbles, and thus polarisation is somewhat delayed. 



Fig. 44. 
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The Grenet element. A plate of zinc, Z, between two carbons, C, C, dips into 
a solution of bichromate of potash in sulphuric acid, 1 part, and water 10-20 parts. 
A, vulcanite plate bearing the binding screws; B, B', for connection. By means 
of the rod T, the zinc is withdrawn from the liquid when the cell is not in use. 
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The bichromate of potash 01 Grenet element. — This is a zinc- carbon 
element in which the addition of bichromate of potash to the excit- 
ing - liquid gives a higher electromotive force, and a higher con- 
stancy, as it acts as a partial depolariser. The Grenet is largely 
used for working' induction coils and is well adapted to this pur- 
pose, as it gives a very powerful current for a moderate length of 
time, and has a very low internal resistance. In Stohrer's induc- 
tion apparatus, chromic acid replaces the bichromate of the usual 
Grenet. Electromotive force equal to about 2 volts. 

The zinc-carbon battery with the addition of bichromate of 
potash or of sulphate of mercury is a convenient one for the pur- 
poses of electrolysis of tumours, (fig. 45 V Large single fluid 
elements have also successfully been used for galvano-caustic pur- 
poses. 

Fig. 45. 




Single fluid battery. It consists of 20 zinc-carbon elements taken (by twos) by 
means of a dial collector A; B, galvanometer ; C, D, arrangement for the gradual 
immersion of the plates. To the terminals are attached the rheophores carrying 
needles and a roller electrode such as is used in electrolysis. 
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POLARISATION CELLS. 

When two plates of platinum are dipped into water and attached 
to the poles of a battery they become polarised : that is the anodic 



Fig. 46. 




plate becomes covered with bubbles of oxygen, the kathodic with 
bubbles of hydrogen. If now the plates are connected with the 
terminals of a galvanometer, it is found that a polarisation current 
is set up from the hydrogen through the liquid to the oxygen (;'. e. 
in the opposite direction to the battery current), and that this polar- 
isation current may last a considerable time if the plates are large 
enough. This property has been made use of in the construction 
of what are now called secondary cells or accumulators. For in- 
stance in fig. 46 we have a representation of Plante's cell. It con- 
sists mainly of two plates of lead, L, rolled into spirals, one within 
the other, but kept from contact by means of strips of vulcanite, 
i j k, they are connected to the polarising battery by means of two 
wires E F, and to two other terminals, C D, which give the polaris- 
ation current. To set the battery in action, we have simply to fill the 
secondary cell with water containing 10 per cent, of sulphuric acid, 
and connect the binding screws, E F, to a battery of 4 Daniells or 
2 Bunsens. After a while the cell is charged, when if a wire be 
attached to C and D, the polarisation current flows through it 
and keeps it hot until the electromotive force stored up is expended. 



FARAD1SM. 69 



B. FARADISM. 

About fifty years ago, Faraday discovered that if a magnet was 
moved in the neighbourhood of a closed circuit, such as a ring 
made of metal, a current of electricity was generated in that cir- 
cuit; he also found that a galvanic current which varied in its 
strength had a similar effect upon a neighbouring circuit. Hence 
the name of "faradic" applied to such currents, also known as 
"induced" from their peculiar mode of generation. 

Induction is the the name given to certain phenomena exhibited 
by a wire or other conductor in the neighbourhood of which a cur- 
rent or a magnet is placed : as long as no change occurs in the 
distance or strength of the latter, nothing occurs in the wire ; but as 
soon as any such change is set up, and as long as it lasts, electro- 
motive force is generated in the wire. The sudden magnetisation 
of a piece of iron and the sudden making of a galvanic current in 
a wire, may be considered as equivalent to the sudden bringing of 
the magnet or circuit from an infinite distance, to the spot they 
occupy. Conversely sudden demagnetisation and sudden break- 
ing of current, are equivalent to their sudden removal from that spot 
to an infinite distance. Likewise, sudden changes in the intensity 
of a current or magnet, correspond to sudden changes in the dis- 
tance of that current or magnet from the circuit they influence ; 
every increase acts as an approximation, every diminution as a re- 
moval. Gradual changes in the intensity act as gradual changes 
in the distance of the magnet or current. Hence we may say that 
whenever a current (or magnet) is (suddenly or gradually) made 
or broken near a wire (that is, whenever it is brought from an 
infinite distance into its neighbourhood, or thence removed to an 
infinite distance), or more generally that whenever any variation 
of strength or position occurs in the current (or magnet), a certain 
amount of electromotive force is induced in the wire. 

This amount is absolutely definite in each case, depending upon 
a number of circumstances such as the length of the wire influenced 
and the strength of the current, the distance between the wires, etc. 
Suppose that in one case a current of I unit be made suddenly, that 
is in a very short time (say xto 10 °f a second), in the wire AB ; and 
in another case be gradually (say in one second) made, that is to 
say, increased from O to 1, we shall have in both instances a total 
electromotive force X generated in CD. But it is evident that at 
any instant of its existence the second current is 100 times weaker 
than the first, and though the same total quantity of electricity is 
conveyed in the two cases, the physiological effects in the first will 
be much greater owing to the concentration of that quantity in a 
very short time. 

Experiment XX. — Connect the wire CD with a galvanometer, and 
produce changes in AB. You will find that the needle is not always 
deflected in the same direction. When the current from B to A is 
made, increased, or brought near, the current induced in CD is ob- 
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Fig. 47. 




served to flow in the opposite direction, viz. from C to D. The re- 
verse takes place when the current BA is broken, diminished or 
removed. If then by means of a key, K, we alternately make and 
break the current, the needle alternately swing's to the right and to 
the left as the case may be. Similar phenomena are observed if 
AB is a magnet subjected to corresponding changes. 

The amount of electricity induced in CD is proportional to the 
strength of the current in AB, and to the proximity of the two 
wires. 

Fig. 48. 




Experiment XXI. — Let the wire AB instead of straight be made in- 
to a solenoid or coil. It is evident that the consecutive turns may be 
considered as constituting a series of parallel wires (a, b, c, parallel 
to c, d, e, etc.). You will find that every variation of the current in its 
passage through each turn from B to A does induce electromotive 
force in the contiguous turns. An induced current is thus gene- 
rated in AB which obeys the same laws as that arising in an inde- 
pendent wire which is opposed in direction to the primitive battery 
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current, when the latter is made or increased, similar in direction 
when the latter is broken or diminished. This current is designated 
as the primary or extra-current. 

Let us suppose (see diagram 4S), that AB is connected with the 
two poles of a battery E, and that the current can be made and 
broken at will by means of a key, K. Connect AB with a galvano- 
meter G. We now find that on breaking the current from the 
battery, a strong induced current is generated which causes the 
needle to be strongly deflected. But on making the current again 
no such deviation is observed ; the induced current being opposed 
in direction to the battery current acts as a momentary resistance 
to it. The battery current is weakened and retarded in the pro- 
cess. ® 

Experiment XXII. — Make the second wire CD also assume the 

Fig. 49. 




PP' in this diagram corresponds to A" A'" in hg. 50 ; ss' to aa' — AB to H — CD 
to H' — O to wires in O — Sc to P — H to stud under P — and junction of battery 
wires with A and Sc, to AA.' 

shape of a coil, so as to surround the coil AB. It is evident 
that each coil turn in CD may be considered as parallel to each 
turn in AB. The total inductive influence of the coil AB upon the 
coil CD will be proportional to the total number of turns in the 
first multiplied by the total number in the second. By increasing 
the number of turns, you therefore increase the amount of electro- 
motive force generated. Experiments will show you that this 
amount is independent of either the material or the thickness of the 
wire. These circumstances influence only the resistance in the coil. 
The actual apparatus for demonstrating the facts of induction is 
shown in fig. 50. The wires of a galvanic battery are attached to 
A A', and a sensitive galvanometer to A" A'" or ad. The current 
may be made or broken at P, and a magnet (or soft iron wires) 
inserted into or removed from O. It would lead us too far to de- 
scribe in detail the delicate experiments required to prove all the 

* The experimental proof of all these facts is not so simple as would appear from 
the diagram and description here given. (Cf. Gavarret, Electricite, vol. ii., p. 186 ff). 
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Fig. so. 

Apparatus for demonstrating the 
phenomena of induction : H primary 
coil, the two extremities of which are 
connected (i) with A" and A'"; and 
(2) with the stud under P and A. P 
is a spring which when pressed down 
connects the stud with A'. O is an 
empty space in the coil for the intro- 
duction of soft iron rods, or a magnet. 
H', secondary coil, the extremities of 
which are connected with the bind- 
ing screws aa'. The dotted lines show 
that H' is hollow and may be made to 
include H. 

The wires from the battery are at 
tached to AA' and the current through 
H alternately made and broken by 
means of the key P. The extra-current 
is obtained at A" A'", and the se- 
■ condary at aa'. 

The wires composing the coils H, 
I H' are spun over with fine silk dipped 
H in paraffin, so as to insulate each turn 
from its neighbours. 

statements concerning induced currents, the demonstration of which, 
owing- to the very small quantity of electricity they convey, requires 
a very sensitive galvanometer (fig. 16). 

The effects of a more or less rapid motion of a wire in presence 
of a current or magnet are observed by closing the circuit through 
H or placing a magnet in O, and bringing H' so as to enclose H, 
and removing it again. The galvanometer shows that at each 
event a current is generated in H. Currents are likewise gene- 
rated in it when H' being placed so as to enclose H, the circuit 
through H is made, and when the soft iron core in O is magne- 
tized — and when the circuit is broken or the soft iron demagnetized. 

The direction of the current in H' is the same when H' is brought 
near, when the circuit through H is made, and when the core is 
magnetized — and opposed in direction to that generated when H' 
is removed, when the circuit is broken, and when the core is de- 
magnetised. 

The currents in H' grow with the strength of the rapidity of the 
motion, the strength of the current in H, and of the intensity of the 
magnetism in O. They grow also with number of turns in H and 
H' (allowing for the increased resistance) and with the amount of 
overlapping of H by H'. 

The ordinary medical induction apparatus consists of the parts 
shown in diagram, fig. 49. 

1. The battery E, composed of one or two elements, one of the 
poles of which is connected with the screw of the interruptor, Sc., 
the other with one end of the primary coil, A. 

2. The automatic interruptor consists of the spring hammer, H, 
which when at rest is in contact with the screw, Sc, just mentioned. 
Its free extremity impinges upon the iron core of the primary coil, 
and its fixed base is connected with the other end of the primary 
coil B. 
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3. The primary coil, AB, is made of a short thick wire. Its ex- 
tremities are fixed to the battery and hammer respectively, as just 
mentioned. (In the diagram AB is drawn as a thin, CD as a thick 
wire). 

4. A core, O, composed of a bundle of iron rods, inside the pri- 
mary coil. 

5. The secondary coil, CD, made of a long- thin wire. It is en- 
tirely independent from the rest of the apparatus, and its two ex- 
tremities are connected with two binding screws, s, s, to which the 
rheophores are attached. 

6. Two wires branching from the extremities of the primary coil, 
AB, and terminating at two other binding screws, P, P', for the 
rheophores. These wires convey the extra-current. 

7. All apparatus are fitted with contrivances for graduating the 
current strength. 

The action of such an apparatus, is as follows: — The moment the 
current begins to flow in the primary coil, the iron becomes magne- 
tized, the hammer is attracted, and the contact between the screw 
and hammer broken. The current ceases to flow. Immediately 
the iron is demagnetized, the attraction ceases and the hammer 
flies back, in virtue of the elasticity of the spring, into contact with 
the screw. Once more the current begins to flow and the same 
succession of phenomena is repeated. It is evident that the rapid- 
ity of these makes and breaks depends upon the time taken by the 
hammer to swing to and fro, that is upon the freedom of play of 
the spring. Provision is made in most apparatus to modify the 
rapidity of vibration by screw arrangements, etc., but usually this 
is quite insufficient for obtaining slow interruptions, which have 
then to be made by moving the hammer with the finger, or more 
conveniently by means of a simple spring key, (P, fig. 50) or of 
some special contrivance (fig. 53). 

At each make of the battery current, then, we have two induced 
currents, one in each coil, opposed to it in direction ; at each break 
we also have two induced currents, flowing in the same direction 
as the battery current. 

We have seen that the strength of the induced current, bears a 
certain proportion to the distance between the two wires. When 
the secondary coil is made moveable, the current rapidly diminishes 
when that coil is removed, so as to include less and less of the pri- 
mary. In many apparatus (Du Bois-Reymond's, Stohrer's, etc.), 
the secondary current is graduated by an adaptation of this princi- 
ple. (See also fig. 50). 

In other instruments the two coils are immovable, the secondary 
entirely surrounding the primary. Both currents are then usually 
graduated by means of a copper cylinder which is made to include, 
at will, a portion of the iron core. The reader is referred to the 
larger treatises, for an explanation of the mode of action of this 
contrivance. Suffice here to say, that the cylinder delays the in- 
ductive process, and so weakens both primary and secondary cur- 
rents. The greater the length of the core it includes, the greater 
its effect in that direction. 

In some instruments the wires are tapped at different lengths 
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which may be taken successively by means of a dial collector: the 
current is proportional to the length so used. Or again, a water 
rheostat is included in the circuit : this is a very effectual mode of 
graduating the strength of faradic currents, but suitable only for 
the cases where graduation need only be empirical. The same 
may be said of the damping process, by means of the cylinder. 
Both are suitable for treatment ; but for diagnosis the arrange- 
ment with a sliding secondary coil alone gives us the means of 
establishing comparisons between the current strengths employed. 

There exist, unfortunately, no means of measuring the strength 
of faradic currents in medical practice. The galvanometers neces- 
sary for this purpose are very expensive and only indicate the 
quantity of electricity conveyed, whilst the physiological action 
of the currents depends upon another factor, viz., the suddenness 
of their rise and fall which escapes almost every possibility of esti- 
mation. In order therefore to obtain currents comparable among 
themselves, instruments of exactly the same construction should be 
used, supplied by galvanic elements of perfectly constant value. 
The readings along the scale would not even then be proportional 
to the strength of the currents generated in the secondary coil, for 
as the latter is made to include a greater length of the primary, 
the currents increase in a geometrical and not in an arithmetical 
progression. 

Induction apparatus (cf. fig. 51) are usually graduated in centi- 
metres, the zero being placed so as to indicate that there is " no 
distance" between the primary and secondary coil, i.e., that the 
primary is entirely included within the secondary. As the former 
is moved along the scale (see graduation in fig. 5 1, indistinctly 
marked with numbers; o, 5, 10 ... 30), its position is indicated by 
saying that the coils stood at 5, 10, 20, or 30 cm. distance from one 
another. 

Experiment XXIII. — Take an induction apparatus (fig. 51) and 
connect the terminals of the secondary coil with a multiplying gal- 
vanometer, and note the deflections when the secondary coil stands 
at various distances from the primary. You will find that the 
strength of the current increases very rapidly as the distance dimin- 
ishes. The actual numbers will differ from instrument to instru- 
ment (unless the latter are absolutely alike). The following were 
found in actual experiments : 
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We have seen that the make primary current simply retards the 
development of the primitive (or battery) current, acting as a tem- 
porary resistance in the primary coil. The result is that the time 
taken by the battery current to attain its maximum strength is pro- 
longed ; hence, the generation of electromotive force in the secon- 
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dary coil is protracted, and as a consequence, the make secondary- 
current is weakened in proportion to its longer duration. 

The break primary current (or extra-current), and the break 
secondary current are much more rapidly induced, the whole elec- 
tromotive force generated coming into play instantaneously, so to 
speak; hence they alone have an appreciable physiological effect 
when coils of the usual power are used and the human body is in- 
cluded in the circuit. The extra (or primary break) current mani- 
fests itself as the spark which flies between the hammer and screw. 
It is due to the passage of the current through the air as the ham- 
mer recedes from the screw. Hence it is most vivid when the 
extra-circuit is not closed, and becomes fainter as the resistance in 
the extra-circuit (P to P', fig. 49) becomes smaller. 

Hitherto we have said nothing of the influence of the core of soft 
iron in the primary coil upon the induced currents. It becomes 
magnetised when the battery current begins to flow through the 
primary coil, remains magnetised during the whole time of the 
flow, and ceases to be magnetised when the current is broken. As 
previously mentioned, the influence of a magnet made or unmade 
in presence of a wire (brought near or removed from a wire) is pre- 
cisely the same as that of a galvanic current. The magnetisation 
and demagnetisation of the soft iron increases the amount of elec- 
tricity generated in the coils by the make and break of the battery 
current ; for as stated, this magnetisation and demagnetisation oc- 
cur synchronously with make and break, and induce electromotive 
force in the same direction as make and break respectively. 

The physiological distinction of poles has to be observed in fara- 
dic as well as in galvanic currents; (1). This is obviously the case 
with the primary coil where the make current is neutralised by the 
battery current and does not flow through the body. (2). The 
secondary make current, unless produced by a very powerful coil, 
has practically no influence whatever when circulating through the 
human body. The anode and kathode of the break current, there- 
fore, determine the polarity of the terminals of the secondary as 
well as of the primary coil (a a, A" A", fig. 50). 

The difference between the primary and secondary current de- 
pends upon the fact that the former arises in a short thick wire, the 
latter in a long thin one. Ohm's law explains the phenomena ob- 
served. Suppose the electromotive force generated in the primary 
coil, the resistance of which is, say, 1 ohm, to be equal to 5 volts ; 
that in the secondary (resistance 1000 ohms) to be 100 volts. If 
we send these two currents successively through a galvanometer of 
say 4 ohms resistance, the deflections of the needle indicate current 
strengths of: 

In the first case: j— — : = I. 

100 . 

In the second case: j^ = -i nearly 

If the resistance of the galvanometer be 50 ohms, the two cur- 

5 I0 ° i 

rents will be almost equal, for ^~^r l and I000 + J0 = "i nearly. 
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If again the resistance in the circuit be 2000, as for instance that 
of a portion of the human body, the strength of the current in the 
first case will be only '0025, in the second '033, that is in the pro- 
portion of 1 to 13. These numbers are only typical of course, but 
serve to illustrate the principle just stated. 

The difference between two such currents is commonly expressed 
by saying that they are of " low and high tension" respectively. 
What we have just stated concerning them will explain why the 
"high tension," or long five wire, has to be used for exciting the 
dry skin, (which is a bad conductor) ; whereas the other is superior 
for the purpose of stimulating muscles through the wetted skin, 
where the resistance is much less. In the first case a small quan- 
tity of electricity only, concentrated at the end of a wire brush, is 
required ; in the second a much larger quantity owing to the cur- 
rent-diffusion, but impelled by a weaker electromotive force owing 
to the less resistance to overcome, becomes necessary. 

INDUCTION-APPARATUS. 

Faradic or induction-apparatus are of two kinds. In the first and 
now usual kind the generating power is an interrupted galvanic 
current; hence it is called "galvano-faradic." In the second, or 
magneto-faradic, a revolving magnet is the source of the current. 
The following remarks apply to the former only. 

Two considerations are to be taken into account, in choosing an 
induction apparatus : Is it to be essentially portable f Is it to be 
used for diagnosis as well as for treatment ? 

Fig. 51. 




Du BoisReymond's sledge faradic apparatus, with Gaiffe's improved contact 
breaker. The board A D is jointed at C for the sake of convenience. BB' are the 
connecting screws for the battery, (a couple of Leclanches). L, lever which 
when raised as in the figure comes in contact with R, the vibrating hammer, and 
produces rapid interruptions. The slow ones are effected by pressing upon L so as 
to make it touch the pin R'. 

For medical purposes the apparatus is supplied with 3 secondary coils, (.the 
wires of which are of 66 metres, 1-4 mm. ; 198m, 07 mm.; 600m, 0-225 mm. in 
length and diameter respectively). 

When an instrument is for use at home only, a sledge apparatus 
(figs. 51 and 53) is the most satisfactory. It may be furnished with 
coils of various sizes of wires, with a slow interruptor ; the cells 
which supply it are relegated to a convenient place, out of sight. 
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The utmost portability characterises some of Gaiffe's apparatus, 
such as figs. 54 and 55. Midway between these two kinds, stand 
apparatus fitted with Leclanche elements, (fig. 52). 

Fig. 52. 




Sledge faradic apparatus. Primary and secondary coils of the same length and 
size as those in the former apparatus. 

EE'. Two Leclanche elements, connected by RR' with the coil and hammer. 

L. Lever to set the apparatus into action, or to give single shocks at will. 

h. Primary coil ; HH' secondary coils of different sized wire. H' is in the com- 
partment for the coil not in use. 

O, O. Holes for the rheophores when the extra-current is wanted ; for the in- 
tercalation of the pedal rheotome or of an external battery, if required. 

There is no necessity for ordinary purposes, that the induction 
apparatus should be provided with elaborate contact breakers, for 
varying the rate of the interruptions. The ordinary interruptors 
vibrating 30 or more times a second, are sufficient. But for dia- 
gnosis, it is often necessary to give single shocks; this may be 
done by moving the hammer with the finger, but it is much better 
to have a spring-key attached to the instrument for that purpose 
(P, fig. 50). The advantage of Gaiffe's interruptor, (fig. 51), is that 
it may be used both for rapid and for single interruptions ; it is at 
the same time the simplest and least liable to get out of order of all 
interruptors. 

The next figure represents an induction apparatus similar to that 
shown in fig. 51 and provided with Gaiffe's new automatic inter- 
ruptor. This contrivance allows to vary the frequency of inter- 
ruptions from I to 60 per second by the simple movement of a lever, 
L. In the position shown it gives slow, at L' rapid interruptions; 
at L" the instrument is at rest. The principle is that as the lever 
travels from L" to L' the nicely balanced bar S I is made to rest 
more and more heavily upon the spring R, which is at the same 
time shortened by an ingenious mechanism. Now when the con- 
tact is made between these two pieces the current begins to flow 
through the electro-magnet E ; I is attracted from R, the current is 
broken, I falls back and so on. It is obvious that the greater the 
length of R the greater the rebound of I ; the shorter that length, 



78 



INDUCTION- APPARATUS. 



the less that rebound. Hence the excursions of I become shorter 
and the vibrations quicker as L tends to approximate L'. 

Fig. 




When an instrument has to be used for diagnosis it is essential 
that the physician should be able to graduate the strength of the 
current and record the strengths for comparison. To do this effi- 
ciently, we must have a moveable secondary coil, provided with a 
scale giving the strength of current in terms of the distance be- 
tween the primary and secondary coil. This condition is fulfilled 
by the apparatus on the sledge principle, whether horizontal (figs. 
51 to 54) or vertical as in the familiar Stohrer's machine. 

When an apparatus is designed for treatment only, the two coils 
may be immoveable and the current-strength modified by means 
of a draw tube (fig. 55). 

The cells most generally used in England for working induction 
coils are Leclanches, which are certainly preferable to the acid 
cells, and not much more bulky. If the owner of the apparatus 
has no one at hand to recharge his cells when run down, he will 
do well to have a couple always ready to slip into their place. 
An advantage of the sulphate of mercury cells (fig. 55), is that 
when a patient is receiving regular treatment a cell can easily be 
left at his house; and the coil only need then be brought there 
by the physician on his round. Chloride of silver cells, though 
perfect in their way, are not to be recommended for coils, unless 
intended for daily use, as after a while the deposition of oxide on 
the zinc interferes with their action, by increasing the internal re- 
sistance. 

Though thick and thin wire coils do not differ in their fundamen- 
tal physiological properties, yet their respective physical constitu- 
tion endows them with very different effects. Thin long wire is 
necessary when "sparks" are indicated, as for the faradisation of 
the dry skin ; a short but thick wire is best for stimulating nerve 
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and muscle through the moistened epidermis. Hence the necessity 
of having two coils, when both purposes have to be fulfilled. In 
Gaiffe's sledge apparatus (figs. 52, 53, 54), two or three secon- 
dary coils made of different wire are provided. In the other kinds 
the primary coil (thick wire), as well as the secondary (thinner), 
is used according to the wants of the case. 

For general purposes Gaiffe's apparatus (fig. 54), but of smaller 
size and fitted with sulphate of mercury, is probably the most con- 
venient and effective. Apparatus fig. 53 fulfils all the higher re- 
quirements of the physician, whilst for treatment of the more 
ordinary kind and as a patient's battery, the pocket apparatus 
(fig. 55) or a simple primary coil with a Leclanche or other cell, 
will be found sufficient. 

Fig. 54. 




Gaiffe's portable faradic apparatus, with two induced coils. 
Inducting coil ; length, 25 metres ; diameter o mm, 7. 
Thick secondary; ,, 75 ,, ,, o mm, 7. 

Thin secondary ; „ 450 „ „ o mm, 175. 

LL. Two chloride of silver cells. 

B. Primary coil. 

H, H'. Secondary coils, reversable according to the one required. 

C. Block for fixing the rheophores. 

P, P'. Lever for regulating the interruptions, carried on the block I. 

O. Button for making the slow interruptions with the finger. 

E, E'. Holes for connecting the interrupting pedal ; D, D', for an external bat- 
tery, when required. 

Size : length, 10 inches ; width, 6 inches ; height, 2 J inches ; weight 3! pounds. 

A smaller model of this apparatus, with sulphate of mercury battery is made 
which combines the utmost portability and efficiency. 
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Defective action of a faradic apparatus may be due to several 
causes, having- their seat in the various parts of the instrument, and 
is evidenced by the enfeebled vibration of the hammer. 

The cells may be exhausted; and require cleaning- and recharg- 
ing\ Some of the connections may be broken or oxidised. Some 
of the turns in the coil may be imperfectly insulated. But the most 
frequent part at fault is the interruptor. Sometimes a little mani- 
pulation of the screws which regulate its action is sufficient ; or it 
is necessary to clean the platinum disk carried by the hammer (H 
fig-. 49) at the point where it comes into contact with the screw (Sc.) 
and the tip of the screw itself. The reason for this is plain; oxide 

Fig. 55. 




Gaifle's pocket faradic apparatus. M, coils. R, graduating tube. T, N, elec- 
trodes. P, hammer. E, block for the attachment of rheophores. The battery L 
consists of two cells formed of vulcanite troughs, a plate of carbon is let in at the 
bottom, and the zinc is in the shape of a moveable cover. In order to charge the 
battery, a spoonful of the mercury salt contained in the bottle K is put into each 
cell, with a little water. Once charged the battery works for about one hour. A 
smaller quantity only of the salt is needed when a shorter period of work is re- 
quired. 

collects at this spot, and offers a relatively considerable resistance 
to the passag-e of the battery current. This oxide is due to the 
chemical action of the battery current itself and of the break 
extra-current (spark) through the metallic surfaces, in presence of 
air. Careful scraping with a pen-knife, or scouring with fine 
emery paper, readily removes the oxide. 

The advantag-e of a magneto-faradic apparatus is that it requires 
no cells to work it. On the other hand the labour of turning 
the handle, the noise it makes, and the roughness of its shocks, 
make, its use undesirable when a galvano-faradic apparatus can 
be had. It is a useful kind of instrument to keep in cases of emer- 
gency, when it is always sure to be found in working order. 

A magneto-faradic machine consists mainly of an armature ot 
soft iron revolving in front of the poles of a horseshoe magnet, and 
a pair of coils of insulated copper wire. These coils are fixed in 
Clarke's machine to the armature with which they revolve ; in 
Duchenne's to the magnet itself. 

In the first case electromotive force is induced in the coils by the 
successive magnetisation and demagnetisation of the armature due 
to the influence of the magnet in front of which it revolves. 



induction-apparatus. 
Fig. 56. 
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Clarke's magneto-faradic apparatus, modified by Gaiffe so as to send the cur- 
rents in the same direction, and allow of a more accurate regulation of the current 
strength. 

A B B'. Horseshoe magnet. 

H. Soft iron armature revolving in front of the magnet, and carrying 2 coils 
one of which only is visible. 

M, R. Wheel and handle for making the armature revolve. 

G. Regulator, articulated at O, which (according as it is pushed towards B or 
B'), increases or diminishes the strength of the current. 

P P'. Supports of the apparatus. 

M'. Receptacle for the handle. 

C, C. Compartments for the electrodes. 



In the second case induction is produced by the variations in the 
magnet itself due to influence of the armature. 

In both these forms only the currents arising- during- the passage 
of the armature from, the magnet are collected for use. 

M. Gaiffe has improved the older forms of magneto-faradic 
machines inasmuch as he has combined the two systems and pro- 
vided his apparatus with two pairs of coils, one fixed to the 
armature, the other to the coil. This increases the power of the 
instrument whilst it allows of diminishing its size considerably. 
He has in addition fixed a commutator to the axis of the armature, 

G 
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which combines the currents of the two pairs of coils and transmits 
them all in the same direction to the positive pole of the instrument. 
The fact of a magneto-faradic apparatus giving a uni-direction 
current is a matter of considerable importance. For unlike the 
galvano-faradic make and break currents of which with the usual 
size of coils, the second has no appreciable physiological, and 
neither any chemical action, the to and fro magneto-currents are 
physiologically equivalent; and what is more they both have a sen- 
sible chemical effect. 



ACCESSORIES. 

Current Graduation — Rheostat and Collector. 

The first condition to be fulfilled by a medical battery is to be 
furnished with ample means of graduating the current strength 
according to the requirements of every case. Looking at Ohm's 
formula C = ^ we see that C can be modified, 1st, by making E, 
that is, the number of elements used, larger or smaller; 2nd, by 
making R, that is, the resistance in circuit, larger or smaller. 
There is yet a third method of graduating current-strength, that of 
establishing a derived current with a resistance variable at will. 

A. The latter method has been adopted by many electro-thera- 
peutists after Brenner's example. Its theory is explained under 
the head of Derived Currents, (p. 40). It yields a very fine gradua- 
tion, but is very wasteful, and applicable only when the battery of 
Daniells is used. It as as far as I know, never used in this 
country. These reasons, and the fact that better results still are 
obtained by the use of a rheostat and absolute galvanometer in the 
main circuit, allow us to dismiss it without further notice. 

B. In order to graduate the current by modifying the resistance 
in circuit, a liquid or wire rheostat is used, capable of interposing 
such resistance as to reduce the current to the minimum strengths 
usually required; by gradually diminishing the resistance, the 
strength of the current is gradually increased. For medical pur- 
poses wire rheostats, or resistance coils, are not suitable owing to their 
expense. Nor do they offer any marked advantage, since rapidity 
and fineness of graduation are requisite, rather than the interposi- 
tion of known resistances. Liquid rheostats fulfil these conditions. 
They may consist simply of tubes filled with pure water, or dilute 
solution of salts, with a rod working like a piston as explained 
elsewhere. They need no graduation, the only datum requisite for 
introducing the necessary amount of resistance being the effect 
produced upon the strength of the current as indicated by the gal- 
vanometer. But they are not very convenient in practice, and the 
instruments made of graphite (cf. page 22) are likely to supply an 
important want in electrotherapeutics (fig. 57). 

The advantages of such a rheostat as current regulator are: — First 
its simplicity and cheapness. It is obvious that the more or less 
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Medical Rheostat. BB, wires from battery ; RR, wires to electrodes. Resist- 
ances are thrown in by turning the switch to the required position in the circle of 
studs. 

complicated mechanism and multitude of wires necessitated by 
collectors being done away with, the battery will be less expensive 
and less likely to be out of order. 

Second, the facility and fineness of graduation, especially if com- 
bined with a collector. 

Third, the imparting to the current the qualities of ' ' high tension." 
Upon this point I refer the reader to what has been already said 
under the head of "Constancy of the Current" (page 39). 

Fourth, the possibility of estimating the resistances in circuit by 
the methods previously described (page 20), if the instrument is 
graduated. 

One word of caution is necessary: when a rheostat is used, care 
must be taken before applying the current to the patient, that 
the full resistance be intercalated; otherwise an unpleasant or even 
dangerous shock might be given. The possibility of disregarding 
this rule has been held to be an objection to the use of the rheostat: 
but precisely the same might be said of any current regulator. In 
fact I have known the same accident to occur with a dial collector 
as happened to Duchenne with his water rheostat who sent the full 
current of a strong battery through a patient's head. 

C. The third and usual method of regulating the current strength 
is by including in the circuit the number of cells requisite to bring 
the current up to the requisite strength. The simplest method of 
effecting this consists of connecting the electrodes (NP, fig. 60) 
directly to the poles of the cells by means of clips (A, B,) fixed to 
conducting wires. It is scarcely adapted to practice however ; 
and all modern medical batteries are provided with a contrivance 
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the plug collector. 
Fig. 58. 




Four Callaud cells connected in series. NP, electrodes connected with wires to 
the clips AB, which may be fixed to any of the cells forming the battery. 

known as a" collector " for the purpose of facilitating the mani- 
pulations required to alter the strength of the current as required. 

In their general construction all collectors consist mainly of 
wires connecting the cells of which the battery is composed, to 
metallic pieces fixed on the element board. These metallic pieces 
are brought into relation with the binding screws for the rheo- 
phores by means of plugs, springs, etc. 

Reference to the diagrams at page 37 and 87 will facilitate the 
understanding of the structure and mode of action of collectors. 

Two essential conditions must be fulfilled by any collector in- 
tended for a practitioner's battery. 

1. It must proceed by small increments in the number of cells. 
No collector should be made which does not allow taking cells by 
twos (if Leclanchds) or threes (if Daniells) at most. After the first 
15 or 20, the increments may be larger. 

2. It must not break the current with every change of current- 
strength. This is done by adopting precautions mentioned further 
on, when the various kinds of collectors are described. 



The Plug Collector. 

This is the simplest, the least likely to get out of order, but also the 
least convenient to work, of the various collectors. Several kinds 
of it exist, which will be found illustrated in fig. 32, where it will be 
seen that the wires from the cells are connected to metallic pieces, 
into which a pin or plug attached to the rheophore can be fixed. 

Whenever such a collector is used it is often necessary to adopt 
some means allowing of changing the current strength during an 
application, without sending a shock through the patient whenever 
a plug is moved. For this purpose a double rheophore, that is to 
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say a rheophore bifurcated at one extremity may be used, with 
each of its branches carrying a plug-. The plug- actually in use 
should never be removed before the second has been fixed to the 
hole above or below, as the case may be. A perfectly smooth 
graduation of the current is thus obtained. 

With a little dexterity, however, one may accomplish this end without 
mechanical contrivances. It is sufficient, the full number of cells 
wanted being included between the rheophores, to apply one of the 
electrodes very gradually to the skin, or over a thick part of it, 
and gradually draw it to the desired spot. Thus when the face 
has to be galvanised one of the electrodes being fixed to the neck 
the other is applied to the scalp and gradually drawn towards the 
part of the face upon which it is intended to rest. The opposite 
manoeuvre enables us to remove the current without sudden break. 



The Sledge Collector. 

This collector is exemplified in the familiar Stohrer's zinc-carbon 
battery. A sledge running in a groove carries on its inferior sur- 
face two springs which come successively into contact with metallic 
pieces arranged in two rows. To these pieces the wires from the 
cells are attached, The sledge carries on its upper surface two 
binding screws, connected with the springs for the rheophores, and 
a commutator. The cells are thus taken two by two ; but by a simple 
arrangement, which consists in making one of the springs move- 
able, Baur has improved the sledge, and made it possible to take 
the elements one by one. 

The springs are made long enough to avoid breaks in the current 
when the sledge is moved along, exactly as in the dial collector. 

Fig. 59. 




Fig. 59 shows a simple sledge collector which may be adapted to 
batteries such as the one shown in fig. 32. A stiff metallic bar is 
screwed so as to allow a sliding piece C to come into contact with 
the studs (numbered on the bar 2—14). One of the rheophores is 
fixed to the first stud O, connected with the first zinc (compare fig. 
26) ; whilst the other electrode, P, is connected through the metal 
bar and slider with one of the studs, and thereby with the carbon 
of the cell the number of which is indicated on the bar. 
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The Dial Collector. 

This is the most generally adopted form of collector. In the 
centre stands a pivot upon which a metallic spring or switch re- 
volves like the hand of a watch. (M, M', in the two dials, fig. 60) 
The free extremity of the spring comes successively into contact 
with a number of metallic pieces, screw heads or studs, (o, 2, 4, 
etc.,) arranged in a circle around the central pivot. The negative 
pole of the first cell is directly connected with one of the binding 
screws R R' to which the rheophores are attached. The positive 
pole of each successive cell, (or 2nd, 3rd, etc. cell) is connected in 
order with the metallic pieces of the dial, and through the spring 
and pivot to the second binding screw. The dial studs are num- 
bered so as to indicate the number of cells included in the circuit. 
The free extremity of the spring is made broad enough to come into 

Fig. 60. 
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The double collector consists of two dials, each with the same number of studs or 
screws, which correspond to the number of cells. The negative pole of the first cell 
is connected with O, the positive of the 48th with 48, and the wires connecting the 
second to the third, the fourth to the fifth cell, and so on (see figs. 26 and 61) in 
which however the cells are taken singly, not by twos, are attached to the screws, 
marked 2, 4, etc. respectively. The screws in both dials having the same number 
are connected directly together by transverse wires. 

M M' are switches revolving upon the studs and connected with the binding 
screws R and R' respectively. It is evident then, that the numberof cells included 
between M and M' are thrown into action when the circuit is closed externally, 
and that the negative pole is on the side on which the handle rests upon the 
smaller number. When the two switches rest upon the same number, no cells are 
in circuit. Thus, in the figure, the cells in action would be 20 in number, from 3 to 
22 inclusive. If the switch M' were pushed on to 20, only two cells, 2r and 22 
would be active ; if pushed on to 42, 20 cells would be again included, but M 
would then be the positive pole. The current reverser C C is described elsewhere, 
and the interruptor I, is a simple knob on a spring, which is pressed down with the 
finger. V V are bolts for fastening the element board to the battery. Hinges not 
shown, fix it on the other side and allow of a free access to the interior of the 
battery. 
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contact with the next stud before leaving- the previous one, so as to 
avoid breaking the current every time it is moved.'* 

The obvious disadvantage of the dial collector is that the first few 
cells of the battery become exhausted long before the last which 
are more rarely used. Among the various contrivances devised to 
remedy this drawback the simplest consists in using perforated 
studs, into any one of which the rheophore may thus be fixed. 
The current is taken from that point by means of the rotating 
handle. But the most perfect arrangement for the purpose is 
Gaiffe's double collector. Its advantages are that besides ena- 
bling us to distribute the work evenly over all the cells and to 
verify rapidly the state of the battery, immediately pitching upon 
the disabled cell if such a one exists, it allows us to reverse the 
current, the electrodes being applied to the body without sending 
a voltaic shock through the patient. 

Fig. 61. 




The appended diagram will assist the reader in realising the 
action of the double collector. Let 12 cells (in series) be connected 
as shown, to 12 pairs of studs connected by cross wires o, 1, 2, — 11, 

* Great care must be taken never to leave the cell or spring in contact with 
two contiguous studs, as it short-circuits the included cells and rapidly runs 
them out. This recommendation applies to all collectors with smooth action. 
A glance at fig. 61 will show how this takes place. 



88 RHEOPHORES. 

12, the zinc of the 1st cells being attached to o, the carbon of the 12th 
to 12. Two metallic pieces A, B, are made to slide along- a a', b b', 
touching the successive studs of their respective rows as they move 
up and down. To A B the electrodes N' P' are attached. Now it 
is clear that the number of cells in circuit will always be that in- 
cluded between the two sliders (e.g. in the diagram 6 are in circuit 
viz 4 to 9 inclusive), and that the polarity of the electrodes depends 
on the relative position of the sliders (e.g. in the figure if A stood on 
9, and B on 3, the polarity of N' and P' would be reversed : N' 
which is negative would become positive; and P' negative). The 
rule would be for a battery arranged as the one depicted that the 
electrode on the side of the smaller number (as indicated by the 
slider) would be negative. 

Now imagine the studs to be arranged in 2 circles around A and 
B which would then be made to revolve on pivots, and you have the 
arrangement depicted in fig. 60. — The action of a simple collector 
may be understood by imagining the electrode P' to be connected 
with O, and the switch B and its row of studs to be absent. 

(The wires connecting the cells to the studs are attached in this 
diagram not to the middle of the wire connecting cell to cell (as in 
fig. 26) but to one of its extremities; this is a matter of mere detail). 

Rheophores. 

By this name are designated the conducting cords which serve to 
attach the handle or plate electrode to the battery. 

Nothing but actual experience can give an idea of the petty an- 
noyances and loss of time inflicted by the use of bad rheophores. 
The stuff supplied by many instrument makers is perfectly useless, 
as the metallic threads inside are easily corroded or broken, and 
make very bad external contacts. On the whole thin telegraph 
wire, that is, copper wire encased in a sheath of India-rubber, is to 
be preferred, on account of its efficiency, cheapness, and durability. 
I have been much pleased with Gaiffe's improved rheophores, con- 
sisting of twelve fine copper wires enclosed in a double sheath of 
India-rubber and silk. They are more springy than the telegraph 
wire, and less apt to become entangled. It is convenient to have 
the positive and negative rheophores of different colour, or other- 
wise distinguishable ; a knot, or other mark at each of the two 
extremities of one of the wires is sufficient to identify the polarity 
of the electrode to which it is attached without going each time 
through the process of following it up from one end to the other. 

The drawer of the battery should always contain a few spare 
yards of telegraph wire, besides the two pieces — each about four 
feet long — actually used as rheophores. 

For certain purposes it is necessary to have a double rheophore, 
that is one bifurcated so as to allow of two electrodes being at- 
tached simultaneously, as when it is desirable to diminish the local 
action of the negative pole ; or to act upon two points at the same 
time ; or to perform electro-diagnosis, as will be mentioned further 
on. A double rheophore is readily manufactured from two pieces 
of telegraph wire, about two and three feet in length respectively. 
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The longer piece is attached by one extremity to the battery, by 
the other to the middle point of the shorter, the two extremities of 
which carry the electrodes. The double rheophore mentioned with 
regard to the pin and hole collector may be made in this way, as 
well as the mutiple rheophores used in electrolysis. 

Connections. 

Speaking of rheophores I must advert to a very important practi- 
cal point, upon which too much stress cannot be laid. Many failures 
in electrisation are due to the imperfect contact of rheophores 
with the pins, screws, etc. to which they are attached. Where a 
wire is simply tied to, or wound round, a piece of metal particular 
attention must be paid that the two metallic surfaces be in firm 
juxtaposition. Contacts are best established either by a screw or 
soldering. The bungling manner in which some makers connect 
the rheophores is simply disgraceful. Whenever air is admitted 
between two surfaces of metal conveying an electrical current, 
oxides are formed ; moreover loose connections produce interrup- 
tions, hence disagreeable shocks to the patient. It is of course 
necessary that where screws and plugs are used, the surfaces of 
metal should be clean to begin with. This is best secured by a 
preliminary rub with emery paper, or scraping with a penknife. 

Electrodes. 

For purposes of local faradisation the handles should be about 
three inches long and one inch in diameter, and hollowed out 
about their middle so as to be conveniently held both in one hand, 
between the first and second, and third and fourth fingers respec- 
tively. For all other purposes (unipolar applications, labile ap- 
plications to large surface, etc.), much larger handles may be used 
with advantage. 

The familiar copper cups and sponges ought decidedly to be 
excluded from the battery. They are both dirty 
and unsatisfactory. If sponges are to be used, 
either plated, or vulcanite, or wooden cups should 
be provided so as to avoid the formation of cop- 
per salts, which impart a repulsive green discol- 
oration to the sponge. 

Far superior, however, to any sponge-holders 
are the carbon electrodes, consisting of a carbon 
disk enclosed in a cover of flannel or wash- 
leather, with or without the addition of a layer 
of fine sponge. This cover contains a more de- 
finite amount of water, hence its resistance does 
not vary as that of a sponge. Pressure may be 
made with the carbon electrode without drench- Thf disk^crew^ ™ 
ing the patient with an overflow or water, and atV.B, attachmentof 
without the risk of touching the skin with the rheophore ; I, inter- 
edge of the metallic cup which is very painful, rupting stud. 
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Fig. 63. 




A clean cover may advantageously be slipped over the elec- 
trode every time it is used. 

Metallic disks are preferred by some and are quite satisfactory. 
Schoth has lately made for me disks of vulcanite coated with a 
thin metal plate, which combine lightness with solidity. 

I cannot too strongly recommend the use of 
plates of lead and tin as electrodes ; as regards 
both efficiency and convenience (when the elec- 
trode does not requiie to be moved about) their 
advantages are great. They are pliable and 
can be made to fit accurately any part of the 
body ; they are readily slipped under the patient's 
dress, and are there kept in place by the pres- 
sure of the clothes, without any effort to hold 
them ; or they may be fixed with a towel or 
turn of bandage. 
Like the disks they are to be placed in flannel or wash-leather 
covers,f and moistened with water. In order 
to avoid wetting the patient's clothes, one side 
of the cover is to be covered with oil-skin or 
india-rubber tissue. The plate is either per- 
manently connected with the rheophore by 
means of soldering, or provided with an ap- 
propriate binding screw, (fig. 64). 

The size or rather the surface, of the electrodes 
is a point of the highest importance,! but which 
hitherto has not been dealt with in electro-thera- 
peutical treatises in the clear and definite man- 
ner it requires, except in the recent work of Prof. 
Erb. He gives the following list of standard 
electrodes which I adopt the more readily 
that the sizes he recommends correspond very closely with those 
I have been in the habit of using. 



Carbon disk elec- 
trode covered with 
wash-leather. 



Fig. 64. 




1. Fine electrode 

2. Small electrode 

3. Medium electrode . 

4. Large electrode 

5. Very large electrode 



1 centimetre (a inch diameter.) 

2 cm. (f inch). 

5 cm. square, or 75 diameter, (2 

inches, or 3 inches). 
6x12 cm. (2.\ x 5 inches). 
8 x 16 cm., and more. 



The "fine" electrode is used in electro-diagnosis for applying the 



* The following statement, made on good authority, shows the necessity of 
attending to apparently trifling matters. Not long ago the child of a physician in 
Florence, was electrised at the hospital for some paralytical disorder. A few 
weeks after a distinctly syphilitic rash made its appearance. It was found on in- 
quiry that the sponges used had been employed in the case of a patient infected 
with syphilis. 

t Special care must be paid to these covers, which must be substantial, as other- 
wise unpleasant eschars will be produced at the edge of the plate. 

% See page 44, and chapter on Treatment. 
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Fig. 65. 
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current to the motor points, small nerves or 
muscles. The "small" electrode is used in dia- 
gnosis for the excitation of the larger nerves and 
muscles ; and in therapeutics for applications to 
the eye, etc. The " medium " electrode is useful 
for the examination of larger muscles, and for a 
large number of therapeutical applications (to the 
face, the neck, the limbs, etc.) The "large" elec- 
trode is used for galvanisation of the spinal cord, of 
large muscular masses, and deeper structures {e.g. 
sciatic nerve), of joints, etc. The " very large 
electrode" is used as " indifferent " electrode in 
the process of electro-diagnosis, and for the same 
purposes as the " large " electrode, when the pa- 
tients are stout, or strong currents are required. It e eIectrode - 
is indicated when the abdominal organs are to be influenced. I 
use it commonly in the galvanb-faradisation of large muscular 
masses, etc. 

A few words may be added here, with reference to the Fig. 66. 
moistening of the electrodes. When the battery is weak, 
and especially when sponges are used, warm salt water is 
requisite. Otherwise pure water, cold or tepid, according 
to the season or sensitiveness of the patient is enough. 
The addition of a few drops of aromatic vinegar makes it 
pleasant, and enhances its conductivity. The prolonged 
and repeated application of salt to the skin irritates and 
roughens it; an objectionable result in the eyes of some 
patients, but which may be obviated by applying vaseline to 
the excited skin after each application. The addition of 
either salt or vinegar hastens the corrosion of copper, 
which, as it cannot be entirely banished from the construe- 1 
tion of rheophores, should always be strongly plated. Yig. 67. 
Nickel or silver plating ought, in fact, to be applied 
to all the accessories of a battery, dials, commutators, 
binding screws, etc. 

Dry electrodes are used solely for the purpose of 
cutaneous faradization, and consist usually of a me- 
tallic brush or cylinder, without any covering. The 
brush is best made of nickelised copper wire, and has 
usually the shape of an ordinary painter's brush, as 
in fig. 66. For applications to large surfaces, it may 
conveniently be made in the shape of a clothes brush, with bipolar 
arrangement. The metallic cylinder, fig. 67, needs no special 
description. A metal or carbon disk, stripped of its cover, answers 
very well the purposes of a dry electrode. 

Electrodes may be attached to either end of the handle, as shown 
in fig. 72, M and M'. For ordinary purposes it is best to have the 
connection as at M, that is at the junction of the handle with the 
carbon disk. 

Many forms of special electrodes have been devised for the 
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bladder, the rectum, the uterus, the throat, ear, eye, etc., and are 
required for special applications, (see figs. 68, etc.) 



Fig. 68. 



Fig. 69. 



Fig. 70. 







Fig. 71. 



I 



Interruptors. 

There are two modes of interrupting the current during an appli- 
cation. First, by leaving one of the electrodes in contact with the 
skin, whilst the other is successively applied and removed. Second, 
by leaving both in situ, and making and breaking the current in 
the metallic portion of the circuit. The former is sufficient for 
rough diagnosis and treatment ; but for accurate work a contriv- 
ance for effecting the latter is necessary. 

In some batteries a special interruptor is provided, or the com- 
mutator is used for the purpose. But this arrangement is far less 
convenient than the interrupting handle, which is indispensable for 
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electro-diagnosis. It consists of an ordinary 
electrode handle, inside which a spring is 
concealed, (fig-. 62). Pressure being made 
with the finger upon an ivory stud pro- 
truding externally, the spring is depressed 
and contact broken. The contact surfaces 
are to be, of course, kept clean, and are best 
made of platinum. Other shapes of inter- 
rupting handles have been devised, such as 
the one represented in fig. 72. 

Pedal interruptors have also been devised, 
but are mainly used for producing slowly in- 
terrupted faradic currents. 

Toothed wheels for obtaining rapid inter- 
ruptions are provided in some batteries. The 
objection to them is that they often give 
double shocks, and are very liable to get out 
of order. 

Automatic interruptors, as the toothed 
wheel moved by clock-work, the metronome 
and mercury cups, etc., have hitherto been 
rarely used for medical purposes. Brenner's 
interruptor is an ingenious application of an 
electrical contrivance adopted in some tele- 
graphs. Dr. Onimus' interrupting apparatus 
for producing numbered and measured inter- 
ruptions to an electrical current is repre- 

Interrupting handle and sen t e d in the following WOOd-CUtS. 
carbon disk. 
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current reverser or commutator. 
Fig. 74. 




This apparatus has been constructed for Dr. Onimus by Trouve, of Paris. 

The first figure shows the interrupting part by itself; the second shows in 
addition the inductorium. 

Binding screws I, *., are for attaching the wires for obtaining the interrupted 
galvanic current. 3, 4, for the wires of the battery for the faradic current. 4, 5, 
for the rheophores when the primary or extra-current is required ; 6, 7, for the 
secondary ; 5, 7, for both primary and secondary. 

The interruptor consists of a cylinder E, made up of 20 disks carrying from 1 to 
20 pins, in regular progression. A clock-work arrangement causes the cylinder 
to revolve. 

A fly wheel J, regulates the number of revolutions of the cylinder (from 1 to 4 
a second). 

A lever H, with mercury cup arrangement, is made to assume any position 
along the cylinder by means of the rod K. This lever every time it comes into 
contact with a pin, breaks the current. In this way from 1 to 80 interruptions a 
second are obtainable. 

M primary coil, C metallic tube to regulate the extra-current ; B, B', secondary 
coils of different length and thickness; D sledge for graduating the secondary 
currents; L is for winding up the clockwork. I and G, represent the lever for 
starting and stopping the clockwork, in its respective positions. 

An ingenious contrivance not shown in the figure is added to the interruptor, 
by means of which the successive passages of the battery current are made of 
strictly equal duration. 



Current Reverser or Commutator. 

It is often necessary for purposes of diagnosis or treatment to be 
able to reverse the current through the electrodes and the body. 

For this purpose several contrivances have been devised. One 
of the most familiar is the barrel commutator and its modi- 
fications, adopted by Stohrer, but need not be described in de- 
tail. The only observations to be made here are, that the 
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handle of the commutator should be large enough to allow of its 
being worked comfortably ; and that when the full effects due to 
"voltaic alternatives" are desired, the commutation should be 
immediate, i.e., that there should not be an interval during which 
the current is opened in the act of commutation. 

Another convenient commutator often seen in French and 
English batteries, is made in the shape of two springs playing 
upon three studs and similar to those used for the dial collector 
(fig- 75). 

Fig. 75. 




Current reverser, or commutator. A B, binding screws receiving the rheophores 
from the battery, and connected with EF respectively, which are the pivots upon 
which the two switches E e, F/, revolve. The switches consist of a spring, e, f, 
fixed to the inferior surface of a rigid piece of brass pivoted as just mentioned ; a 
transverse piece of ivory, surmounted by a handle connects the two rigid pieces, 
and serves to move them laterally. 

C D, are the binding screws for attaching the external rheophores, C being con- 
nected with c, D with d and d'. The latter are metallic studs upon which e and f 
are made alternately to rest. A glance at the picture will show that the direction 
of the current is changed through C D, according as the position of e and f, is 
on d and c, or on c and d' respectively. (See A, B, C, in fig. 77). 

The see-saw mercury commutator may be used for stable bat- 
teries; but has hitherto been mainly confined to the physiological 
laboratory. 

Current Alternator, Reverser, and Combiner. 

The apparatus (fig. 76, 77) is made up of two reversers of the kind 
just described fixed back to back on a tablet of wood. The one to 
the right (1, 2, 3 in the Diagram) differs from the other in having 
the two external studs (1, 3) prolonged into metallic bands so that 
when in the position depicted, the springs rest upon their inner 
extremities. Two pairs of screws G, F, receive connecting wires 
from the poles of the galvanic and faradic apparatus respectively. 
When the springs rest upon 1 and 2 the galvanic current alone 
circulates ; when upon 2, and 3 the faradic. When upon 1 and 
3 (as in the diagram) the galvanic current passes through 2 to 
F— ; thence through the coil to F+, to 3, and finally reaches + or 
+ (to which the electrodes are fixed) according to the position of 
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current alternator, reverser, and combiner. 
Fig. 76. 




Fig. 77. 
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the reverser. Having traversed the body it completes its circuit 
through the opposite half of the apparatus, G and the battery. If 
the faradic current is flowing at the same time it accomplishes the 
same circuit. When all connections are established as in the dia- 
gram, the galvanic polarity of the electrodes attached to + and + is 
easily determined if we remember that the commutator ABC al- 
ways points towards the positive terminal. 

The apparatus serves the purposes of a current alternator, that is 
enables us to send either the galvanic or the faradic current through 
the electrodes; of a current combiner, that is, enables us to send both 
currents together through the body ; and of a current reverser, that 
is enables us to change the direction through the body either of the 
galvanic or faradic current flowing singly, or of both currents flow- 
ing together. 

The advantages of the instrument are obvious and manifold. It 
may either be made as a separate apparatus for the electrical table, 
or fixed to the element board of an ordinary galvanic battery 
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which offers then the advantages of a " combined " faradic and 
galvanic apparatus without its drawbacks — especially if its drawer 
be fitted with an induction coil. A "separable combined " battery 
may be thus obtained. The comfort of being able to pass imme- 
diately from the galvanic to the faradic current without removing 
the electrodes is very great, in diagnosis especially ; whilst the 
process of "galvano-faradisation," which the apparatus enables us 
to carry out without trouble, is one of great therapeutical value. 



Chapter II. 

ELECTROPHYSIOLOGY. 

The task of electrophysiology is double. It includes both the study 
of living tissues as sources of electricity; and the study of 
electricity as a means of influencing the functions and of modifying 
the excitability of those tissues. The discovery of the constant cur- 
rent, and the early history of this new manifestation of electrical 
force (Galvanism or Voltaism, as it is called after the names of the 
two great men who were the pioneers of this field of research) are 
intimately bound up with the first of those electrophysiological 
problems, the question of "animal electricity." It is however 
with the second only that we are concerned, and mainly in as far 
as it can be studied on the living human organism. It will there- 
fore be my aim to present the leading phenomena of human elec- 
trophysiology in a clear and practical manner dwelling chiefly 
upon the effects of electricity as observed on motor nerves and 
muscles which offer the greatest facilities for experiment. 

A. Motor Nerves. 

It was long ago observed that when a current of electricity from 
one galvanic cell was applied to the sciatic nerve of a recently 
killed frog, the leg was jerked both at the time when the elec- 
trodes were made to touch the nerve, and also when they were re- 
moved. During the time the current was flowing through the 
nerve the muscles were quiescent. 

It was also noticed that the amplitude of the muscular contrac- 
tions diminished and increased (within certain limits) with each 
diminution and augmentation of the current-strength used. Du 
Bois-Reymond, however, showed that there was another factor 
which determined the amount of reaction of a nerve to the elec- 
trical stimulus, besides the absolute strength of (that is the quan- 
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tity of electricity conveyed to the nerve by) the current. This 
factor is the rapidity with which that quantity reaches its maximum 
in the nerve. 

If a current of, say, I milliampere, be very gradually made 
through a nerve no contraction follows ; whereas the effect is 
marked if a current 10 or even 100 times weaker is made 
suddenly. It is therefore the rapidity with which the electrical 
density changes in the nerve, as much as the absolute value of that 
density, which excites. 

In all the experiments described below it is assumed that a gal- 
vanometer (or galvanoscope) is included in the circuit, and that the 
observer is alive to the fallacies that would be introduced into the 
results if the changes in the current strength, due to diminished 
resistance in the body, were not eliminated by the method de- 
scribed above (page 39) or compensated by a corresponding 
diminution in the number of cells used. Once the skin thoroughly 
soaked the dangers arising from that source are much diminished. 

Experiment I. — Take a galvanic battery in good working order, 
and connect two electrodes with its poles. One of these electrodes, 
of large size, is attached to the positive polo and fixed securely 
on a distant part of the body (sitting upon it answers very well) ; 
the other, of small size (not more than one inch in diameter) is 
applied immoveably and with uniform pressure over a superficial 
nerve such as the peroneal at the head of the fibula, or the ulnar at 
the elbow or at the wrist; a small metallic plate, as described 
in chap. I and fixed by a turn of some elastic bandage, answers best 
the purpose. Now by means of the collector gradually put into 
circuit 1, 2, 3, 4, etc., up to 12 or 15 cells. As the current in- 
creases no motor effect is produced. The nerve is not excited, the 
change of electrical density not being rapid enough to act as a 
stimulus. 

Experiment II. — Without altering anything in the battery or 
electrode, breakf the circuit by means of the interruptor or by 
disconnecting one of the rheophores, and make it again by bring- 
ing the two metallic surfaces together. A lively contraction is 
produced. The current has almost instantaneously reached its full 
strength when the circuit was restored ; i.e., the change of density 
in the nerve has been almost instantaneous. 

The experiment may be varied in the following manner. Leave 
the large electrode applied to a distant part of the body, put 15 
cells in circuit, and apply very gradually the other electrode (tho- 
roughly moistened as it always must be) over the ulnar nerve, or 
apply it to the palm of the hand and draw it firmly but slowly up 
to the wrist. No contraction ensues. The current in the nerve 



* We shall throughout designate the electrodes as anode and kathode according 
as they are attached to the positive and to the negative pole of the battery respec- 
tively. 

+ The terms make and break, closure and opening are used to designate the 
acts by which the current is caused to flow through the body or other conductor 
(make or closure) and caused to cease (break or opening). 
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has in both cases gradually been made. Now lift the electrode 
and apply it rapidly to the nerve: a contraction occurs. * 

Experiment III. — The same series of phenomena (contractions 
proportional to the suddenness of the electrical change) are to be 
observed with reference to the gradual and sudden break of the cur- 
rent. Only for this purpose you must (for reasons explained 
below) apply the anode to the nerve, and use stronger currents. 

It would, however, be incorrect to conclude from these experi- 
ments that interruptions of the current are absolutely necessary to 
produce contractions. 

Du Bois-Reymond's law applies chiefly to the frog's nerve, and 
holds in the case of the human nerve only for currents of moderate 
strength. Beyond a certain point the continuous and even flow of 
a current stimulates the nerve and gives rise to contractions : 

Experiment IV. — Repeat Exp. I., taking care to place the 
kathode on the nerve. Go on increasing the current until you see 
that the muscles contract. They will remain shortened for a 
variable period during which the galvanometer shows that no alter- 
ation takes place in the current-strength. (Some persons and some 
points over certain nerves are better suited for this experiment than 
others). It may be varied by suddenly making a strong current. 

If you try each of the experiments III. and IV., applying both 
poles successively to the nerve, you will find that you do not get 
equally good results, according to the one you place on the 
nerve. In fact you often fail to obtain with the one what you ob- 
tain readily enough with the other. The natural conclusion is that 
as the two poles differ in their chemical, so they differ in their 
physiological, properties. 

Experiment V. — Having disposed the apparatus as for Exp. I., 
and taking care that the epidermis be thoroughly soaked before 
beginning, find out how many cells (or better, how many milli- 
amperes) are required to produce a minimal {i.e., the first visible) 
contraction by closing and opening (at uniform intervals) the cir- 
cuit, 1st, with the kathode, 2nd, with the anode on the nerve. 
Repeat the experiment three or four times. The means of the numbers 
so obtained show you that ist, the earliest contraction is obtained 
when the circuit is closed the kathode lying over the nerve (katho- 
dic closure contraction, KCC) ;f 2nd, the next in order is when 

* The observer will do well to accustom his eye to the mode of reaction of 
healthy nerve to a simple excitation as judged by the muscular contraction. The 
latter runs a definite course in which we may distinguish the period of ascent, (or 
of contraction proper), that of contracture (duration of maximum shortening), that 
of descent (or of relaxation). The myographic curve obtained on a rotating cylin- 
der registers on a magnified scale the three periods. In a healthy muscle the 
ascent is abrupt, the summit sharply rounded, not protracted, the descent rapid. 

f I spell "kathodic" with a K, because it is more convenient to represent the 
negative pole by a K in the formula. It allows to use the letters KC to mean a 
kathodic closure, and CC to mean a closure contraction. Again kathodic and 
and anodic should certainly be used instead of the mongrel, barbarous, and un- 
grammatical " cathodal," " anodal," which have crept into English electrothera- 
peutical literature. We say " methodic " not " methodal," " periodic " not " peri- 
odal." Strictly, anode and kathode should be spelt and pronounced anod and 
kathod, but the error is of too long standing to justify an attempt at reform. 

H2 
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the circuit is closed, the anode lying over the nerve (anodic closure 
contraction, ACC) ; 3rd, closely upon the heels of ACC, or along 
with it, or even sometimes before it, appears the anodic opening 
contraction (AOC), due to opening the circuit when the anode is 
over the nerve. Finally, with strong currents, the kathodic open- 
ing contraction (KOC) is obtained. 

You will notice that (within certain physiological limits) the 
amplitude of each contraction is increased every time the strength 
of the current necessary to obtain that contraction is increased. 
Thus KCC will be strong when you obtain it with the current 
necessary to excite an ACC or AOC; very strong with that 
necessary to excite a KOC. ACC and AOC, will be strong with 
the latter current. 

We have already found that the flow of a strong current (its 
Duration, D) produced a persistent contraction (Tetanus, T), when 
the negative, or even the positive, pole rested over the nerve. We 
thus have to consider at which stage the apparition of the kathodic 
and of the anodic duration tetanus (KDT and ADT) occurs 
with reference to the chronological sequence of the closure and 
opening contractions. On repeating the experiment and watching 
for the first signs of KDT, you will find that it usually pre- 
cedes the occurrence of KOC. The ADT is usually difficult to 
bring out with bearable current strengths. 

In all these experiments special care is to be taken not to mis- 
take the action of other muscles, through which the current diffuses 
itself, for contractions of those supplied by the ulnar or other ex- 
plored nerve below the excited point, and to which alone the pre- 
ceding statements are applicable. 

We may tabulate the phenomena observed as follows — indicating 
the increased energy of the contractions by the symbols CC'C 

The letter D need not be used; T following KC and AC indicates 
that the closure contraction does not subside at once, but is pro- 
tracted during the time of flow. 



1. Very weak current 
2 and 3. Weak currents 

4. Moderate current 

5. Strong current 

6. Very strong current 



KCC 

KCC', ACC and AOC. 
KCT, ACC and AOC. 
KCT', ACC" and AOC", KOC. 
KCT", ACT and AOC", KOC. 



For reasons to be stated further on, numerous exceptions will be 
found to occur in the order and intensity of the minor members of 
the series as here given, but the following formula must be remem- 
bered as one of universal application to healthy human nerves : — 



1. Weak current. 


. KCC. 




2. Medium 


. ACC, 


AOC, 


3. Strong . 


. KOC. 





Experiment VI. Repeat experiment V at different points along 
the ulnar, the peroneal and various other superficial nerves. You 
will find that whilst KCC is invariably the first in order, and KOC 
the last, ACC and AOC vary considerably with relation to the 
strength of current necessary to produce them. 
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Experiment VII. Place the small electrode on the median at 
the elbow (inner side of biceps tendon) and alternately make it 
anodic and kathodic — AC and KC. Use in each case a current 
strength sufficient to bring- about equally well marked contractions. 
Observe exactly the movement of the arm at each event. KC is a 
more powerful stimulus than AC, but you will find also that its 
effect is not quite the same and that different muscles contract at AC 
and at KC. This must mean that the excitations at KC and of 
AC do not fall upon the same nerve fibres in the two cases. Under 
favourable conditions you may also perceive that the same move- 
ment is produced by AC as by KC. It is difficult to demonstrate 
that the KC and AC are followed by an excitation of the same 
parts; but this may occasionally be done. The reason of these 
phenomena, we shall presently show, is to be found in the diffusion 
of the current in the nerve and its surroundings. 

Experiment VIII. Place the anode over the nerve and take a 
current strong enough to produce a very weak AOC, when the 
circuit is opened after the current has passed for one or two 
seconds. Now keep the circuit closed for one or two minutes : 
on opening it the contraction will be found much increased. 
Again a current just too weak to produce an AOC after one 
second's duration will call it forth if allowed to flow a little longer, 
though the skin has been thoroughly soaked and exposed to the 
.current before. The apparition of AOC is determined therefore 
% not only by the strength of the current, but also by the time the 
current has flowed through the nerve, before the circuit is broken. 

Experiment IX. Take a strength of current that gives a distinct 
• AOC after five seconds duration. Go on breaking the current 
every five seconds, closing it again immediately. After a variable 
number of repetitions, the AOC will gradually diminish and finally 
disappear. The ACC on the other hand suffers no change. — KOC 
may under similar conditions be seen to dwindle and disappear; 
but the demonstration of this fact involves a very painful process. 

The opening contractions are diminished by repetition. The ex- 
planation of this phenomenon is still obscure. 

What we have hitherto learnt from our experiments is mainly 
that the make and break contractions at the anode and kathode, 
occur successively and in a certain order, at different stages of in- 
creasing current strength ; at the same time we have observed 
significant differences between the circumstances attending the 
various members of the series of contractions. 

It has been for a long time known that the passage of a galvanic 
current through an exsected frog's nerve, altered in peculiar ways 
the properties of that nerve, which is described as being then in 
the state of "electrotonus." It is found especially that the excita- 
bility of that nerve is modified ; at the point of application of the 
anode its excitability is diminished (anelectrotonus) ; at the point 
of application of the kathode its excitability is increased (katelec- 
trotonus). 

Now since the classical researches of Pfliiger — embodied in a 
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work which stands as a model of experimental inquiry — the pheno- 
mena of electrical nerve-excita/w« are all reducible to the fact of 
electrotonus, i.e., of modified excita&7/V)\ A nerve is excited when 
it passes from a condition of lower to a condition of higher excita- 
bility ; that is when it passes from the normal state to the state of 
katelectrotonus or from the state anelectrotonus to the normal 
state. In other words a nerve is excited by the appearance of 
katelectrotonus, and by the disappearance of anelectrotonus. 
Replace the terms kat- and an-electrotonus by those of katho- 
dic and anodic influence ; and those of appearance and disap- 
pearance, by those of make and break. We thus arrive to the 
general statement that a nerve is excited at the kathode, when 
the current is made (KCC) ; at the anode, when the current is 
broken (AOC). In other words there occurs a closure contraction 
CC, originating at the point only where K is on the nerve: an 
opening contraction OC, originating at the point only where A is 
on the nerve. 

Such being the results of the closest investigation of the facts, as 
observed on the exsected frog's nerve, the reader will at once ask, 
how it is that the phenomena displayed in our experiments on the 
human nerve stand in such absolute contradiction to them. Here 
we have not only a KCC and an AOC — but also a KOC and an 
ACC— that is an opening contraction with the kathode only over 
the nerve ; a closure contraction with the anode only over the 
nerve. 

When a law is so well established as that of Pfliiger, and we find 
that facts so well observed and controlled as the polar reactions of 
human nerves appear to militate against it, we may safely suspect 
some difference in the conditions under which the two sets of ex- 
periments have been conducted. In this case we have not far to 
go : from the very statement of the case it appears that the elec- 
trodes are placed on the frog's nerve, in direct contact with it ; 
over the human nerve, not in direct contact with it. Moreover we 
have said that the nerve is exsected, isolated, in the one case ; 
whilst it necessarily remains embedded among other tissues in 
the other. Finally both electrodes are usually placed on the frog's 
nerve, one electrode only over the human nerve. 

Let us consider how far these different conditions explain the 
different results of the experimentation in the two cases. 

When to an isolated nerve two exactly similar electrodes EE' 
are applied, the whole current enters at the point of application of 
the one and makes its exit at the point of application of the other : 
the density of the current in the nerve is uniform and the polar in- 
fluences (kat- and an-electrotonus) are distributed through its 
whole diameter, in the neighbourhood of the kathode and the anode 
respectively. A certain length of the nerve is under kathodic, 
another length under anodic, influence; between the two is a neu- 
tral zone where the excitability is unaltered. These facts will 
be found fully described and illustrated in the usual texts-books of 
physiology and need only be mentioned here. 

Now when the human nerve is placed under the influence of a 
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pole applied to the skin over it, the distribution of the kathodic and 
anodic influence is very different. The nerve being- no longer iso- 
lated, but surrounded with various tissues, the bulk of which (mus- 
cles) are better conductors, and of much larger diameter, than 
itself; the laws of derived (or diffused) currents make it at once 
plain, that no such localisation of the current is possible as exists in 
the exsected nerve. Diagram 78 shows what occurs. Directly 
under the electrode the current in the nerve obtains its greatest 
density : this region (marked + + +) we may conveniently term the 

Fig. 78. 
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apparent electrode; (kathodic if the latter be the kathode, anodic 

Fig. 79. 



This diagram represents the same phenomena as the former. The anode is 
supposed to lie over the ulnar nerve, whilst the kathode rests on the trunk. The 
polar anodic zone is shaded. The two brackets show that owing to the diffusion 
of current the unipolar excitation of the imbedded nerve sets up in it a descending 
as well as an ascending current. The signs — indicate that under such circum- 
stances the electrotonic condition of the nerve in the neighbourhood of the elec- 
trode may be found the opposite of that set up immediately under the electrode. 

if it be the anode). Suppose E to be anodic : owing to the consi- 
derable diffusion of the current from the nerve into the muscles, 
etc., the nerve at a very short distance of the electrode is practi- 
cally devoid of current. The current which has entered it in the 

polar zone P, has left it in a peripolar zone, . Now, from the 

definition of the terms anode and kathode, {i.e. points of entrance 
and points of exit of a current into and from an electrolyte) as 
the polar zone was anodic so the peripolar zone is kathodic. By 
placing the actual electrode on the skin over the nerve, we have 
therefore created two virtual electrodes on the nerve, and which 
may be defined as the portions of the tissues surrounding the nerve 
from which and into which the current passes in its course through 
the nerve. They are represented in diagram 78 by the two 
brackets. 

* It may be observed here that we say nothing of the direction of currents in the 
nerve. The phenomena of electrotonus are now generally recognised as purely 
polar effects ; and by speaking of ascending or descending currents, physiologists 
merely intend to express the relative position of the two poles relatively to the 
centre and periphery. When experimenting on the human nerve with the " uni- 
polar" method here described and used, it is obvious that no " direction" of cur- 
rent can be said to exist in the nerve, since the only portion of it which is traversed 
by currents of effectual density, is seen in the diagram to be so in opposite direc- 
tion. Moreover the fact that the position of the indifferent electrode (above 
below or opposite the exciting electrode) does not affect the results, shows conclu- 
sively that the direction of currents plays no part in the results obtained. 
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These considerations give us the solution of the apparent contra- 
diction between the phenomena observed on the frog's and on 
.nan's nerve. In both cases there is both an anode and a kathode 
on the nerve, and consequently both an opening and a closure ex- 
citation,* whichever electrode be applied externally. But if the 
analogy is fundamental between the two cases, these offer minor 
points of difference which are of the highest moment for the full 
explanation of the facts. 1st. In the frog experiment, the kathodic 
and anodic influences arise in zones of equal current density. 2nd. 
These influences are localised through the whole diameter of the 
nerve. In the human nerve the opposite conditions prevail. The 
peripolar zone is of larger area than the polar; the current in the 
former is less dense; therefore the excitation in it is, caeteris paribus, 
less energetic. The peripolar zone in the second place tends neces- 
sarily to prevail on the aspect of the nerve away from the skin, 
whereas the polar zone tends to be localised in the superficial as- 
pect of the nerve. 

The latter fact gives us a key to the results obtained in ex- 
periment VII. Different nerve fibres are stimulated by closures of 
the current when the actual electrode is alternately kathodic and 
anodic ; in the former case the excitation falls in the polar, in the 
latter in the peripolar zone ; each of these regions being kathodic 
in turn. The AO and KC excitations both fall in the polar zone, 
hence excite the same part of the nerve; hence the similarity of 
the muscular effect produced in the two cases. — The former fact 
explains how it is that KCC always precedes ACC ; kathodic 
closure excites in the polar, anodic closure in the peripolar zone : 
the current in the latter being less dense than in the former, a 
higher strength of current is required to obtain the effect. — Experi- 
ment III has shown that ACC and AOC vary in their order of 
apparition. We are now able to explain the reason of this fact. 
Experiments on the exsected nerve teach us that appearing katelec- 
trotonus is, per se, a stronger stimulus than disappearing anelectro- 
tonus ; and we know that the denser the current the more effective 
it is as an excitant. If a current of one ampere flows through two 
nerves containing iooo and 2000 nerve fibres respectively, the cur- 
rent is twice as dense in the first instance than in the second. Each 
nerve fibre conveys 1 m.a. of electricity in the first, .5 m.a. in the 
second. In other words the current is twice as strong in the for- 
mer nerve fibres than in the latter, and excite them in a propor- 
tionally higher degree. Now the relative area of the polar and 
peripolar zones, depends entirely upon physical conditions, which 
vary in different experiments made on the same subject; (relative 
position of electrode, and conductivity of tissues surrounding 
nerve). Therefore ACC will be produced by the same current 

* It may not be superfluous to state expressly that the symbols KOC, ACC, etc., 
refer simply to what happens when the material electrode, kathodic or anodic, 
being placed on the skin, the circuit is closed or opened. They must not be taken 
to imply that under those conditions a closure contraction can be of anodic origin, 
or an opening contraction of kathodic origin — but to indicate the polarity of the 
actual electrode. 
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strength as AOC (after a given AD) ; when the greater density in 
the polar zone, exactly neutralises the greater energy of the ap- 
pearing katelectrotonus in the peripolar zone : in other words, 
taking the energy of appearing katelectrotonus as 2x, that of dis- 
appearing anelectrotonus as x, when the relative densities in the 
zones where these changes occur are as 2z to z (or reciprocally 
when the area of the anodic polar zone is one half of that of the 
kathodic peripolar zone), for then x X 22 in anodic zone = 2x x z 
in kathodic zone. Likewise ACC will be greater or less than AOC, 
(appear sooner or later, with greater or less current strength), 
according as the density in the kathodic peripolar zone is greater 
or less than that required to compensate the inferior energy of 
the vanishing anelectrotonus. 

A moment's reflexion will show that KCC must always figure as 
the first member of the series, being due to the stronger stimulus 
acting on the denser zone; whilst for KOC the opposite obtains, 
both conditions being unfavourable to its elicitation ; hence the 
great strength of current necessary to obtain this last member of 
the series. — Such are the facts by which the formula given at page 
100 (1. KCC— 2. ACC, AOC— 3. KOC), is found to be but a mani- 
festation of the so-called " laws" of contraction. 



Fig. 80. 




This diagram shows how with two electrodes on the nerve, the direction of the 
current in it is not single, owing to the diffusion of current. It also shows how 
four virtual electrodes then exist on the nerve. The dotted lines show the regions 
where the density of the current (i.e., its physiological action) is least (cf. re- 
marks on the "polar method" in the chapter on Treatment). 

As a corollary of the previous discussion, it becomes apparent 
that nothing is gained by placing the two electrodes on the skin 
along the course of the embedded nerve. At every make the 
nerve would be excited at two points, at every break at two other 
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points : the nerve would have four virtual electrodes applied to it. 
The conditions of the experiment would be complicated beyond all 
means of reckoning. Hence the impossibility of arguing from re- 
sults so obtained. A curious superstition still prevails however in 
some quarters, respecting- a supposed influence of the direction of the 
current in the nerve. The current it is said acts differently when it 
flows in the same direction as the normal nerve impulses (motor or 
sensory), or in the opposite direction. Now 1st, all the pheno- 
mena observed in the frog's nerve receive a simpler explanation on 
the "polar" hypothesis. 2nd, on man (fig. 79) the portion of the 
nerve in which the electrical density is greatest, i.e., under the elec- 
trode, is pervaded by currents in both directions, whilst the part of 
the nerve between the electrodes is practically devoid of current, at 
least with bearable strengths; for taking the diameter of the nerve 
and its conductivity as equal to one each, the conductivity of the 
surrounding tissues would then be equal to about five, and their 
diameter to ten, twenty or more, according to the part selected. 
Hence the actual quantity of electricity travelling along the nerve, 
in the intra-polar region (taken at 12 or 15 inches of length) would 
be as 1 x 1 to s x 10, or to 5 x 20, (that is amount to jVth, i&jjth, 
or less, of the whole current), as the case might be. 

The object of having one of the electrodes on a distant part of 
the body, during electrical investigation of the embedded nerve, is 
to avoid having four poles on the nerve instead of only two as is the 
case in physiological experiments. Every conductor in the process 
of electrisation must have two poles at its surface, in other words a 
series of points of entrance and a series of points of exit for the 
currentjf in the case of the embedded nerve, the areas occupied by 
those two series of points (the virtual electrodes) differ in extent. 
Now since KCC and ACC are both due to the appearing katelec- 
trotonus in the polar and peripolar zones respectively, the differ- 
ence between the currents necessary in every case to produce these 
contractions, must be proportional to the difference between those 
areas; for it requires a current twice as strong to obtain the same 
density in the area 2.x as in the area x. We thus have in the 
strengths of current required to obtain a KCC and an ACC, a 
means of estimating the rate of current diffusion, i.e., the relative 
extent of the polar and peripolar zones, in nerves. The area of 
the virtual electrodes is directly proportional to the strength of the 
currents necessary to obtain a (minimal) KCC and a (minimal) 
ACC. 

Experiment X.— Dispose the electrodes as in Exp. I., and take 
a number of cells sufficient to produce a KCC and an ACC. Esti- 
mate the amplitude of the muscular contractions obtained by a 
series of simple kathodic closures and another of simple anodic 

* In all our experiments it matters not where the " indifferent " electrode lies 
with reference to the " testing " electrode, above, below, or opposite. 

f This apparently simple and elementary proposition has too often been over- 
looked by the adherents of the " unipolar method" in electrotherapeutics, and con- 
sequently a vast mass of erroneous theories are to be found in many of their 
writings. 
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closures, and compare it with the amplitude of corresponding 
series of KCC and ACC, made by means of the "commutator." 
You will find that the effect of "voltaic alternatives," as the sudden 
reversal of the polarity of the electrodes is designated, is much 
more energetic than that of simple closures. 

Experiment XI. — Compare the effect of reversing the current after 
short and after long intervals of flow. You will find that the effect is 
greater when the electrode on the nerve becomes kathode after it 
has been anode (and vice versa) for several seconds than when it has 
been so for only the fraction of a second. Compare also the effects 
produced by reversing the current very suddenly with those ob- 
tained by allowing the circuit to remain broken during intervals 
extending from the fraction of a second to one second and more, in 
the passage from one pole to the other. You will find that, ccEteris 
paribus, the effect is the more marked, the less has been the inter- 
val elapsed in effecting the change of polarity of the electrode. 

In order to understand the nature of these phenomena let us return 
to the diagram (fig. 78). When the electrode on the nerve is alter- 
nately changed from anode to kathode and from kathode to anode, 
a series of closure excitations are given, which fall alternately in 
the polar (when the electrode becomes kathodic) and the peripolar 
(when the electrode becomes anodic) region respectively. Now in 
either case the excited region had just before been under anodic 
influence, and physiology teaches us that as we shall presently 
demonstrate on the human nerve, the instant the polarising 
current ceases to flow the anodic region passes into a state of in- 
creased excitability. This augmentation is the more marked the 
longer the anodic influence has lasted. We see therefore how it is 
that voltaic alternatives act more powerfully than simple closures 
of the circuit, and that their action is intensified by previous current 
duration. We understand also why rapid reversals are the more 
effectual ; for the positive modification after anelectrotonus dimin- 
ishes rapidly after the circuit has been broken ; the longer the in- 
terval which elapses between the polar change of the electrode the 
less the hyper-excitability of the nerve will be, until it has returned 
to its normal state. • 

Experiment XII. — Observe the effects of series of kathodic clo- 
sure stimulations (with various current strengths,) in which (1) the 
times of closure and opening of the circuit are equal; (2) the one 
long, the other very short. You will find (a myographic tracing 
is necessary, however, to discover these finer changes) that the 
effect varies with the rhythm. With short duration and long in- 
terval the contractions are equal ; with long duration and very 

* The addition of the opening and closure effects may, when the current is 
strong and the inversion rapid, explain the increase of an A to K contraction — but 
scarcely of a K to A contraction owing to the feeble effect of KO. Brenner's 
attempt to explain the effect of voltaic alternatives by the passage of the nerve 
" from + 6 to — 6, and from — 6 to + 6 current " is physically absurd, as well as 
disproved by direct experiment as I have shown elsewhere. 

As mentioned at page 45, the current from a given number of cells is much 
stronger, when it is reversed through the body, owing to the polarisation of the 
tissues. See note at end of this chapter. 
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short interval they diminish ; with long duration and moderate 
interval they increase. All these phenomena are due to the after 
effects of the katelectrotonic condition of the nerve. Experiments 
on the frog's nerve, and much more clearly still experiments on 
the human nerve, have shown that the portion of the nerve which is 
under kathodic influence passes when the current is broken into a 
condition of diminished excitability (negative modification) of short 
duration, and which passes then into a state of increased excita- 
bility (positive variation) of longer duration. There is diminution 
of the effect, therefore, when the stimulus falls during the period of 
negative modification ; increase, when it falls during that of posi- 
tive modification. 

B. Faradic Excitation. 

Experiment XIII. — Take an induction apparatus and connect the 
rheophores to the secondary coil. Place the electrodes as hereto- 
fore. Choose a convenient strength of current. Make and break 
the inducing current by moving the hammer with the finger, if the 
apparatus be not supplied with a proper contrivance for slow in- 
terruptions. For reasons stated above no shock is felt on mak- 
ing — but only on breaking, when a single contraction occurs. 
Now let the hammer vibrate rapidly (about 50 times a second) : 
the muscles remain contracted during the whole time of the flow. 

The "induced current" is made up of a series of very short 
currents, each of which acts as a galvanic make excitation only:** 
the effect of a galvanic current very rapidly interrupted, as for in- 
stance, by means of a toothed wheel, is also to produce persistent 
muscular contraction. In either case the "tetanus " is due to the 
fact that each successive stimulation falls upon the nerve before 
the muscle has reached its maximum contraction and begun to re- 
lax ; so that a fresh stimulus is conveyed to the muscle in time to 
prevent its relaxation from taking place. 

Though the faradic current has no marked electrolytic proper- 
ties, its two poles are to be distinguished in physiological experi- 
ments. 

Experiment XIV. — Place a commutator in the circuit and examine 
the effect of reversing the induction current :f the kathode is the 
more powerful of the two ; and as in the case of the galvanic cur- 
rent does not excite exactly the same muscles, or parts of muscles, 

* Faradic currents being of exceedingly short duration, and when of" medical" 
strength having no perceptible electrolytical action cannot give rise to anelectro- 
nus in their anodic zone of action. For we know that anelectrotonus requires a 
certain time to be set up, and depends in all probability on a certain chemical 
alteration of the nerve. It must be assumed, therefore, that they never produce 
any opening contractions. 

■ f We designate here by " induction current " the succession of break currents 
only since the make currents, have just been shown to have no physiological 
effects. The reader must not get confused by the expressions " make " and 
" break" applied to induction currents. These expressions indicate their mode of 
origin ; viz., makes and breaks of the inducing current in the primary coil. Every 
make and every break induced current has a beginning and an end, a make and a 
break, and as just said excites nerves at its make only. 
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as the anode, though the electrode remains immovable on the same 
point of a nerve. Both these facts are illustrated by the rougher 
experiment of holding the kathode and anode in the right and left 
hand respectively ; the effect on the flexors and extensors of the 
hand varies on the two sides, because the virtual kathodic zones are 
not exactly the same in the two arms. 

Experiment XV. — Repeat the experiment on the voltaic alter- 
natives (Exp. X) with a rapidly interrupted faradic current, 
which you reverse after it has flowed for some time in the same 
direction. You will find that the effect of such reversals is greater 
than that of simply breaking or making again that current. 

Faradic excitations increase to a certain extent the excitability 
of the nerve. This is shown by myographic tracings of contrac- 
tions obtained by series of single faradic shocks, when a more or 
less rapid increase is observed at the beginning of each series; a 
fact which proves the after effects of faradic currents in the katho- 
dic zone. The experiment just made, on the other hand, seems to 
show the existence of such after effects in the anodic zone — though 
not so marked as those produced by the passage of a galvanic cur- 
rent, nor possibly of the same nature. 

Experiment XVI. — Has shown that there is the same difference 
between the physiological effect of the faradic as between that of the 
galvanic poles. Estimate this difference by noting the extent of the 
contraction obtained with A and K. Now include in the circuit a re- 
sistance of 2 or 3 thousand ohms (a long piece of wet thread be- 
tween the apparatus and the electrode does very well (cf. page n). 
You will find that the effect of the positive pole is considerably 
diminished relatively to that of the negative pole. The difference 
between the two is as great as, or greater than, that between the 
galvanic poles. The explanation of this phenomenon is by no means 
clear. 



C. Electrotonus. 

Several attempts have been made to show by direct experiment 
on nerves within the intact living body, that the alterations of 
excitability during the passage of a galvanic current exist in them 
which are found in the exsected sciatic of the frog, and have 
hitherto been assumed by us to exist in the imbedded nerve, in 
order to explain its several reactions. The alterations consist as 
we saw of a state of exalted excitability at the kathode (katelec- 
trotonus) and of a state of depressed excitability at the anode 
(anelectrotonus). The method of demonstrating them in the ex- 

* It is possible that the resistance by delaying the flow of the current increases 
its diffusion. If it be true that the diffusion of faradic is less rapid than that of 
galvanic currents, resistance would equalize them in this respect. The peripolar 
faradic zone, (where the anodic make stimulus falls) would then occupy a larger 
area than before (i.e., the electrical density in it would be less dense), and the 
effect of that stimulus, ACC, would be diminished in comparison with KCC 
which starts from the polar zone in which the density does not vary in the same 
degree. 
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sected nerve is very simple. A stimulus of uniform strength (elec- 
trical, mechanical, or chemical) is applied to the nerve, in the 
neighbourhood of the points of application of the electrodes, before 
and during polarisation (i.e., the passage of the galvanic current) 
and the effect estimated by the amplitude of the muscular contrac- 
tions produced under the varying conditions of experimentation. 
[t is thus proved that the nerve is more excitable in the kathodic 
zone, less excitable in the anodic zone, than in the normal state. 

Experiments on the human subjects performed on the same plan 
could not yield any clear and consistent results, the physical con- 
ditions being entirely different, (see Diagram 78). We have shown 
the necessity of modifying the methods accordingly. Moreover 
means had to be provided for the elimination of numerous sources 
of error, and for obtaining an objective record of the results ob- 
tained. These matters have recently been experimentally investi- 
gated by Waller and myself.* 

The leading facts of electrotonus in the human nerve may be de- 
monstrated by the following experiments : — 

Experiment XVII.— Connect the positive pole of a galvanic battery j- 
with the negative pole of a secondary induction coil and attach the 
electrodes to the negative pole of the galvanic battery and the posi- 
tive pole of the coil. Arrange the electrodes as in experiment I, 
the combined kathode resting upon the nerve. Find at what dis- 
tance of the secondary from the primary coil the induced current 
begins to produce contractions. Next throw in a current of 10 
cells. The nerve now reacts at a much lower power of the 
faradic current. The excitation falls upon the polar zone which is 
kathodic : hence we conclude that the nerve is there in a state of 
increased excitability, or of katelectrotonus. Repeat the experi- 
ment successively several times so as to be sure that the diminished 
cutaneous resistance does not influence the result. 

Experiment XVIII. — Repeat the experiment with the combined 
anode on the nerve. The same effect is observed, but not so marked, 
because here the kathodic polarisation and excitation fall upon the 
peripolar zone where the electrical density is less. 

Experiment XIX. — Connect the negative pole of the faradic with 
the negative of the galvanic apparatus. Attach the small elec- 
trode to the positive pole of the coil, the large electrode to the 
positive of the battery, and fix the electrodes as in experiment I. 
The small electrode is thus faradic anode and galvanic kathode. 
Choose a strength of faradic current which gives slight contrac- 
tions. Now add the galvanic current cell by cell. The effect of 
the faradic current is at first diminished sometimes to extinction. But 
as the galvanic current grows the contractions reappear, increase, 
growing even to above the normal. — In this experiment the faradic 
kathodic excitation falls upon the peripolar zone which is under 
the galvanic anodic influence. The diminished effect shows the 

* Philosophical Transactions of the Royal Society 1882, p. 961. ff., plates 64 and 65. 
Abstract in British Medical Journal, Vol. I, 1882. The following experiments 
give the outline of the methods followed by us in this research. 

t Of low internal resistance, e.g., a freshly charged Leclanche. 
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diminished excitability (anelectrotonus) of the nerve in that 
region. The reappearance and subsequent increase of the effect 
shows that beyond a certain strength of polarising current there 
is as it were an invasion of the region of anelectrotonic alteration 
by the katelectrotonic influence. The excitability of the nerve is 
at first depressed then grows again under the increasing galvanic 
influence. In the frog's nerve it has been shown that a similar 
invasion occurs but in the opposite sense : the kalelectrotonus 
gives way, and the anelectrotonus advances with increasing current 
strength. We cannot explain the reason of the difference be- 
tween the exsected and the embedded nerve in this respect. 

We conclude that electrotonic changes do occur in the human 
nerve as they do in the frog's nerve. This conclusion is borne out 
by other considerations as well as by experiments made with gal- 
vanic and mechanical stimuli, but far too complicated to be men- 
tioned here. 

We have seen (Exp. VIII) that the AOC grows (within certain 
limits) with the length of the anodic duration which has preceded 
it. We now see the reason of this fact: the more complete the 
depression of the excitability, the more energetically the release 
from it acts as an excitant. The gradual disparition of AOC 
by repetition (Exp. IX) may possibly be ascribed to the kat- 
electrotonic invasion, possibly also to the agency of the "after 
effects" we have had the occasion of mentioning at page 108, which 
we shall now consider. By after-effects is meant the alterations in 
the excitability of a nerve left by a current after it has ceased to 
flow through it. On the frog's nerve they consist of, 1st a positive 
modification, that is an increased excitability of the nerve in the 
previously anelectrotonic region, 2nd a positive modification also, 
but preceded by an exceedingly short negative modification in the 
previously katelectrotonic region. 

They are demonstrable in man, but require a great nicety of 
manipulation, and the use of the graphic method, so that the ex- 
periments showing them cannot be described here. Their nature 
however will easily be understood from what we have said pre- 
viously of voltaic alternatives. There is one difference however 
worth recording between the phenomena displayed by the frog's and 
by the human nerve : in the latter the negative modification after 
the cessation of katelectrotonus is well marked and may last several 
seconds after sufficient polarisation. Under the same circumstances 
the positive modification is of long duration. We have traced it 
for nearly two hours in one experiment. 

We need not say much of the attempts made to investigate the 
electrotonic changes in the human nerve by testing, not through the 
polarising electrode itself as we have done in the experiments just 
described with a view to secure the coincidence of the zones of 

* This katelectrotonic invasion may perhaps account for the comparative ease 
with which KCT is obtained in man. In the frog's nerve, on the other hand, 
the AOT is well marked after strong polarisation, and anelectrotonic invasion. 
The apparent discrepancy between the results on the human and the batrachian 
nerve may be possibly considered as the manifestation of a deeper parallelism. 
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polarisation and excitation, but through a second electrode in the 
neighbourhood of the former as is usually done in the case of the 
exsected nerve. The results are, as we might expect, subject to 
variations according to the exact spot where the excitation falls. 
Thus the diagram (fig. 78) makes it evident that according as the 
stimulus falls in the polar or in the peripolar zone we shall have 
evidence of either diminished or increased excitability, as the case 
may be. 



MUSCLE. 

The electro-physiology of muscles is to be studied by performing 
on them the same experiments as have just been described with re- 
ference to motor nerves. For this purpose the electrode to be 
applied on the muscle may advantageously be of medium size when 
one ot the larger muscles is to be excited (e.g., extensor femoris 
gastrocnemius, etc.). We need not say more with reference to the 
results to be obtained than that on healthy muscles they are go- 
verned by the same conditions and follow the same laws as those 
derived from the investigation of motor nerves. Muscles however 
being organs of a more complex structure than nerve fibres, are 
less suitable for strictly physiological experimentation whilst their 
behaviour in pathological conditions makes their examination the 
chief task of electro-diagnostic inquiry. We shall therefore con- 
fine ourselves here to a demonstration of the " motor points," and 
reserve a few remarks on the reactions of hea'thy muscles for our 
chapter on electro-diagnosis. 

As in the case of nerve excitation the observer must carefully 
observe and learn to recognise the mode of contraction of healthy 
muscle when directly excited (see page 99). We shall have the 
opportunity of returning to this point when we come to describe the 
alterations in the mode of response of diseased muscular tissue. 

Experiment XX. — Take a faradic apparatus ; connect to one of 
its poles a large electrode which is kept fixed to the trunk of the 
subject ; to the other pole a small carbon or sponge electrode, the 
handle of which you hold in the hand. Let the current be of such 
strength as to provoke moderate localised contractions of the super- 
ficial muscles. Move the electrode over the surface of a number of 
muscles such as the sternomastoid, abductor indicis, deltoid, triceps 
extensor, extensors of the hand and fingers, peronei etc. You will 
soon perceive that now and then the contractions of the muscle 
examined appear to be much intensified. Mark with ink the spots 
where the electrode happens to be when the increased effect occurs. 
Compare the subject thus marked with the figures given of the 
"Motor points." If you have made no mistake you will find that 
your markings correspond with the dots on the figure. — Note parti- 

* Our own results agree with those of Erb on the subject, and confirm the 
theory of the two zones; but we found that, as was to be anticipated, the effects 
varied also with the pole used for testing. But the discussion of these matters 
would lead us beyond the scope of an elementary book like the present. 

I 
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cularly the great difference produced in the amount of contraction by 
a slight displacement of the electrode from the "motor point." Test 
and mark in the same way the various superfical nerves of the face, 
neck and limbs, noticing the groups of muscles brought into play. 

The fact that muscles react more readily when excited at certain 
points (of "election" as Duchenne called them) had been known 
for some time before Ziemssen investigated the question thoroughly 
and proved that such points correspond to the spot where the 
motor nerve enters the muscle. When the electrode rests over such 
a spot it is obvious that the whole mass of the muscle is excited at 
the same time; whilst in any other position the electrode acts only 
upon the individual muscular bundles subjacent to it (owing to the 
rapid diffusion of the current through the muscle). You will notice 
that a number of round muscles have more than one " motor 
point," the deltoid for instance, the gastrocnemius, etc. Flat mus- 
cles, obliqui, serrati, etc, have a larger number still so that it is 
not possible to bring them to a contraction " en masse '' by intra- 
muscular stimulation. In such cases you must use large flat electro- 
des and stronger currents ; or if possible get at the nerve trunk which 
supplies them, as for instance the posterior thoracic nerve, above the 
clavicle or at the axilla, in the case of the serratus magnus. 

The methods of exciting muscles at their motor points, and 
through the nerve trunk, have been called direct and indirect, re- 
spectively. The direct method has been brought to a high state of 
perfection by Duchenne under the name of " Electrisation localise'e." 
So highly did its originator prize this fruit of indefatigable labours 
that he named after it the work in which are recorded his still 
more lasting titles to fame, namely his clinical and pathological 
descriptions of locomotor ataxia, infantile paralysis, and progres- 
sive muscular atrophy. The value of " localised electrisation " 
itself, however, lies not in its therapeutical, but in its physiological 
applications. It was by its means that Duchenne was able to raise 
another monument worthy of his genius, the " Physiologie des 
mouvements" and " de l'expression." The isolated, artificial, 
contraction of many muscles on the living subject could alone solve 
the problems of their functions which had baffled the ingenuity of 
anatomists during centuries. 

From what experimental researches have taught us concerning the 
reactions of unstriated muscular fibres to electrical currents and from 
a few manometric experiments as well as numerous clinical obser- 
vations on the human subject we may assume that with appropriate 
methods, most of the muscular abdominal organs may be influenced 
by percutaneous electrisation. The unstriated muscles react to polar 
influences as do striated muscles, but their contractions are slower 
and more durable. Ziemssen has quite recently shown upon the 
exposed human heart that this organ does not react to induced cur- 
rents applied to its substance. To galvanism however the heart 
responds like all other muscles. A quickly interrupted galvanic 
current brings the cardiac rhythm up to its own frequency (160- 1 80 
a minute) ; a slowly interrupted current retards the heart's action, 
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but not very readily (50 a minute). These phenomena may be ob- 
served on percutaneous galvanisation of the normal heart. 

SENSORY NERVES. 

Throughout the experiments previously made on motor nerves 
(i.e., mixed nerves) the observer will have noticed that sensations 
accompanied the application of electric currents to the body. These 
sensations, on analysis, are referable to two categories : sensa- 
tions, perceived under the electrode itself; sensations referred to 
the distribution of the nerve. Each of these categories again may 
be subdivided : the first contains the sensations due to the excita- 
tion of the cutaneous nerve endings, and those to the electrolysis, 
or chemical action set up by the current, in the skin ; the second 
embraces the sensations of the muscular contractions produced by 
the current, and those due to the excitation of the sensory nerve 
fibres contained in the excited nerve trunk. It is with the last only 
that we need concern ourselves when trying to determine the influ- 
ence of currents on sensory fibres. 

In order to eliminate the confusing effects of concomitant mus- 
cular contractions we choose a nerve, such as the supraorbital, 
which contains no motor elements. The different localisation of 
the sensations produced under the electrode itself, and of those re- 
ferred to the parts of distribution, makes it easy to discriminate 
between the two kinds. 

Experiment XXI. — Fixing a small electrode over a sensory nerve 
(supraorbital, digital, etc.) which can be readily excited without 
producing any muscular contractions, whilst the other electrode of 
large size remains securely fixed upon a distant part of the trunk, 
make and break the galvanic current, proceeding as in Experiment 
V. and noting at what strength of current sensory irradiations oc- 
cur when the negative and when the positive poles are on the nerve. 

You will find that sensory nerves react in the same way as motor 
nerves; that is most readily to kathodic make (K C), then to anodic 
make and break (A C, A (3), finally to kathodic break (K O). In 
other words the so-called "law of contractions" of motor nerves 
is applicable to the sensory nerves the formula for which may be 
written 1. KCS; 2. ACS,AOS; 3. KOS; where S stands for "sen- 
sation." There petition of ExperimentsXVII etc., on sensory nerves 
will show that the electrotonic alterations of their excitability follow 
precisely the same course as has been observed in motor nerves. — 
It will be noticed that the excitation of sensory nerves during the 
whole time of flow (apart from the local burning cutaneous sensa- 
tion), and which corresponds to the duration tetanus (D T) of 
motor nerves, occurs with very low current strengths. This fact 
makes the O S somewhat difficult to recognise if the current is 
strong. 

The effects of the attention are a fruitful source of fallacy in all 
experiments on sensation, in which the record is purely subjective. 
The minimal excitation perceived varies according to the method 
used to determine it. It occurs with a lower current strength when 

1 2 
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sought with a gradually diminishing- current, than when sought 
with one made to increase from a point below the minimun. 

Experiment XXII. — Take a small electrode, keep it applied with 
perfect steadiness upon the closed eyelid whilst, the other electrode 
of large size rests upon a distant part of the body. Begin with a 
current of two cells, which you gradually increase by I or 2 cells at 
a time; at each increment make and break the current with a 
uniform rhythm. Do this when the negative and when the positive 
pole is on the eye, and note the general characteristics of the optic 
reactions to KC, KO, AC, AO — (intensity, colour, persistance etc). 
The optic apparatus reacts to all excitations by a manifesta- 
tion of its specific energy (i.e., by a conversion of the stimulus into 
an impression of light.), according to the physiological law com- 
mon to all nervous structures. The sensation experienced with 
moderate galvanic shocks is that of a transitory or persistent illu- 
mination of the field of vision, comparable to the phosphenes ob- 
tained by mechanical excitation of the eye. On repeating several 
times the experiment, (which is perfectly safe, even with much 
stronger currents than one would imagine from the accounts met 
with in certain electrotherapeutical writings), and applying oneself 
to the analysis of the phenomena, one discovers that the subjective 
flashes of light are not all of the same colour. Those occurring at 
KC and AO differ from those occurring at AC and KO, each pair 
of excitations giving rise to the same colour or combination of 
colours. On experimenting on a large number of individuals one 
finds this fact to be constant, though the colours perceived by each 
individual are not the same for all. Thus for some the electro- 
phosphenes are reddish and blueish, for others yellowish and blueish, 
and so on. Instead of a simple coloured field, again, there may 
appear a disc with a blueish or yellowish centre, surrounded by a 
yellowish or blueish periphery respectively ; but here also the 
colours differ with the polar excitations which give rise to them 
(KC and AO differing from AC and KO phosphenes, but in each 
pair the phosphene being alike). 

Now in Exp. VII, we have described observations on the 
motor nerves which yield results too obviously parallel to those just 
described, not to suggest an analogy between the conditions giving 
rise to the phenomena in each case. We have seen there that the 
muscles excited by KC and by AC differed; and we have explained 
the difference on the theories that the excitation in each case fell in 
the polar and peripolar zone respectively; and that the effect of 
AO, under favourable conditions, was the same as that of KC be- 
cause the excitation in each case fell in the same zone (polar). It 
is obvious that the same explanation might account for the pheno- 
mena as observed in the excitation of the retina and optic nerve : 
different parts of those structures being excited by KC and AO on 
the one hand and by AC and KO in the other, the results in the two 
cases are not the same. Evidence confimatory of this view is ob- 
tained by placing the electrode on the temple instead of on the 
eyelid. The phosphenes are then seen to travel across the field 
of vision, either from within outwards or vice-versa ; and if per- 
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sistent, appear to settle in the inner or outer half of the retina— and 
in both these particulars the effect of KC or AO differs from that of 
AC or KO. 

Experiment XXIII. — Place a medium sized electrode just in front 
of the ear so as to cover the tragus (but not to close the meatus) ; 
proceed in other respects, as in the examination of the motor nerves 
(experiment I) or of the eye (experiment XXII). You will find that 
a healthy acoustic nerve reacts only to KC and to AO {i.e., to ex- 
citations falling- in the polar zone) the reaction consists in a sound 
variable as to its pitch and duration. It may be of a ringing - , 
hissing, humming, buzzing, etc., character. 

Experiments on the electrical reactions of the acoustic nerve offer 
certain difficulties. Many individuals require such strong currents 
to elicit a response that the giddiness and other unpleasant symp- 
toms accompanying such excitations preclude us from obtaining on 
them satisfactory results. In others, however, the acoustic reac- 
tions are elicited with weak currents, and may therefore be studied 
in detail. 

The acoustic reactions are of twofold interest. First historically 
since it was through their study that Brenner was led to insist upon 
the " polar method" of applying the current to the human body. 
Second, physically, as they seem to be confirmatory of the polar 
and peripolar zone theory. By reacting to KC and AO only the 
acoustic apparatus shows itself excitable only in the polar zone, 
the reason of this exceptional circumstance being probably to be 
found in the peculiar disposition of the nervous elements with re- 
ference to the badly conducting material (bone) with which they 
are surrounded. The latter prevents a rapid current diffusion, and 
hence the formation of a peripolar zone of sufficient density for 
an electrical excitation of the nerve. 

Avery characteristic phenomenon attending the circulation of even 
very weak currents through the gustatory organs is the peculiar 
"galvanic" taste experienced, not easily described, but not readily 
forgotten. 

Experiment XXIV. — Apply the poles (middle-size electrodes) of 
a current of 6-IO cells to the two cheeks. You will notice that the 
sensation of taste is much stronger on one side than on the other, 
and on investigating the polarity of the electrode resting on that 
side will find that it is anodic. This taste is of a metallic, sub-acid, 
nature. On the kathodic side, besides being weaker, the sensation 
is somewhat different in quality. Perhaps the explanation of this 
fact is that the kathodic excites the tactile rather than the gustatory 
nerve-elements, the latter being perhaps more readily influenced 
by the chemical changes set up at the anode. 

Experiment XXV.— Place an electrode on the nape of the neck, 
or on some other part of the body, and touch the tip of the tongue 
with the other, making it alternately kathode and anode. You will 
find that the sensation of taste is more vivid when the kathode 

♦ The polar reactions of motor nerves had already been described by Baierlacher 
and Chauveau as I have shown elsewhere. [Brain, 1880). 



I I 8 SENSORY NERVES. 

touches the tongue, but it then occurs not under the electrode but at 
the back part of the tongue and fauces. This fact is another con- 
firmation of the theory of the zones : the back of the tongue is the 
part best supplied with gustatory organs, and is occupied by the 
anodic zone when the kathode rests on the tip of the tongue. 
Hence the sensation will be more intense in the latter case than 
when the tip is under anodic influence. 

Experiment XXVI. — Send a current gradually increased to 10 cells 
or more, through the head with the electrodes first on the occiput 
and forehead, then on the two temples, finally on the two mastoid 
processes. You will find that the effect in the first case is confined 
to an undefinable, sickly, sensation of cerebral disturbance whilst 
in the latter two cases giddiness, culminating in loss of equilibrium, 
is experienced. The more the direction of the current through the 
brain departs from the longitudinal to assume the transverse direc- 
tion, the more readily giddiness supervenes. If the current be very 
strong the eyes are turned towards the negative pole, and perform 
slight movements like those of nystagmus. 

Experiment XXVII. — Make and break a current from 6 to 12 cells 
(or more if necessary) whilst the electrodes rest on the mastoid pro- 
cesses. A tendency to fall to one side is objectively observable, 
whilst the subjective impression of such a fall is vividly experienced. 
The fall occurs from the kathode on making the current, from the 
anode on breaking it, that is, to that side of the body which is under 
the control of the excited cerebral hemisphere. These phenomena 
are probably due to an interference with the centripetal influences 
necessary for the perservation of the equilibrium of the body (Erb). 
The movements of the trunk are of the same character as the 
"forced movements" observed in animals under certain experi- 
mental conditions, being due to actual muscular contractions on one 
side of the body. Hitherto it has not been possible to bring into 
action the cortical centres by means of percranial excitations. 
Certain observers have described vasomotor phenomena in the 
encephalon of animals subjected to percranial galvanisation ;° but 
it is open to great doubt whether currents of the necessary strength 
to produce such changes can even be applied to a human brain. 



Physiological experiments on vasomotor nerves, including the 
cervical sympathetic, cannot be performed on the human body. At 
any rate the numerous attempts hitherto made have conspicuously 
failed to give such results worthy of any serious consideration. 
Here and there observations, as exceptional as they are conflicting, 
granting they are reliable, have been recorded, and the most pre- 
posterous claims set forth on their behalf, as if they furnished 
grounds sufficient for drawing physiological, or therapeutical, con- 
clusions. Electrical experiments upon the spinal cord have hitherto 

• Lowenfeld says that when the current is transverse there is dilatation of arte- 
rioles on the positive, contraction on the negative side, when longitudinal there is 
contraction if the current be descending (positive pole on forehead, negative on 
neck), dilatation if ascending. 
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failed to yield any information available for guidance in practice. 
The same may be said concerning- secretory and trophic nerves — or 
rather concerning the influence of the nervous system upon secre- 
tion and nutrition. 



APPENDIX.— POLARISATION OF THE HUMAN BODY. 

Allusion has been made at page 45 to the change in the current- 
strength — a marked augmentation — observed when a current is 
reversed, after it has passed for a short time through the body. 
This increase obviously plays an important part in the greater 
effect of a voltaic alternative than that of a simple closure (as men- 
tioned at page 108) and should be eliminated from our experiments 
(by the method described, at page 39), if we wish to observe the 
effect of the " positive modification " (p. 1 12) on nerve excitability. 

I had reserved the discussion of the phenomenon for this chapter 
in the hope that by the time it was going through the press, 1 
should have been able to mention the results obtained by Waller 
and mvself. But our experiments not having yet been concluded, I 
am compelled to confine myself to a statement of the leading facts 
observed, (cf. our paper, previously cited, in Phil. Trans. Royal 
Society, 1882), without attempting to explain their nature. 

When a current is reversed, after flowing for a certain time 
through the body, the galvanometer shows a considerable increase 
in its strength. This increase may be due either to a diminution 
of resistance or to an increase of electromotive force in the exter- 
nal circuit, i.e. in the body and electrodes. That it does not de- 
pend upon the latter circumstance, is shown by the fact that the 
electrodes and body connected to a galvanometer do not give any 
such current, as would be the case if their polarisation had deve- 
loped an electromotive force sufficient to account for the increased 
current on reversal. That it does not depend upon a simple dim- 
inution of resistance due to the permeation of the skin, as assumed 
by the few electrotherapeutical writers who mention the pheno- 
menon, is shown in that the increased deflection of the needle is not 
permanent, but soon falls off to return to the former maximum or 
thereabouts. The rapidity with which the needle so returns, is 
greater the shorter the time of previous polarisation has been. 
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Chapter III. 

ELECTRODIAGNOSIS. 

ELECTRODIAGNOSIS AND PROGNOSIS OF MOTOR NERVE 
AND MUSCLE LESIONS. 

We have studied in the preceding chapter the reactions to electricity 
of the healthy human nerve and muscle. We have shown how the 
apparently anomalous phenomena harmonize with the data of ex- 
perimental physiology when we interpret them in the light of the 
various physical conditions under which these various results are 
obtained. There is a "law of contractions" for the human muscle 
explored by the method of unipolar stimulation ; that is to say the 
readiness or energy with which a muscle answers to galvanic 
stimuli differs according to the pole, kathode or anode, applied to 
it or to its motor nerve, and to the change, closure or opening, 
brought about in the circuit. We have also noticed that a constant 
current of a certain strength gave rise to persistent contractions 
during its flow, (page 99). 

Adopting the letters K and A to designate the polarity of the 
electrode over the nerve or muscle to be tested (Kathodic or 
Anodic) ; C and O to designate the nature of the electrical oscilla- 
tion (Closure or Opening) at which the contraction (C) occurs, we 
have expressed the order in which the reactions are obtained, as 
(1) KCC, (2) AOC and ACC, (3) KOC. In this series is to be 
intercalated the supervention of tetanic contractions (T) observed 
during the flow (D, or Duration) of a sufficiently strong current. 
KDT and ADT occur usually, th? one before, the other after the 
apparition of KOC. The tabular arrangement of the contractions 
obtainable on a healthy subject, and arranged in their chronolo- 
gical order of apparition with increasing current strengths, is 
known under the name of " the normal po'ar formula," or "laws" 
of contractions, (p. 100). 

In disease the excitable tissues are found frequently to have lost 
their property of reacting to electrical stimuli in a normal manner. 
There may l^e exaggeration or diminution of their response; or 
there may be a disturbance in the order of their contractions as 
compared to the normal formula. 

Now experiment has proved that some of those changes have a 
well-defined connection with certain alterations in the nutrition of 
the neuro-muscular apparatus — in fact that the latter stood to the 
former in the relation of cause to effect. In other words, that we 
might from the occurrence of certain irregularities in the ampli- 
tude, mode, and order of their polar responses, infer a degen- 
erative process in the nerves and muscles. The most important 
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features are those displayed by degenerating muscle; for besides 
yielding an abnormal formula, such a muscle differs from a healthy 
one, inasmuch as whilst at first it displays an exalted excitability 
to slow galvanic makes and breaks, it loses its excitability to short 
stimuli, such as the faradic or the rapidly interrupted galvanic 
current; in addition to which changes we find that the mode of 
normal contraction is altered in such a muscle. This alteration 
denotes a degradation of the striated fibre to a lower type of con- 
tractile tissue, such as that found in muscles of organic life and in 
lower organisms, like molluscs. The electrical stimulus, instead of 
a well-defined, short-lived jerk, calls forth a lazy, long-drawn, 
tonic wave, the summit of which is low relatively to the time taken 
in its ascent and descent. 

The reactions of nerves which are the seat of abnormal nutritive 
processes also present differences from the response of healthy 
nerve; but I need not anticipate here upon the description to be 
presently given of these phenomena. 

It is upon these elementary facts that the art of electrodiagnosis 
is founded, which in many cases of neuro-muscular disturbance 
yields to the physician information as important as does chemical 
analysis in cases of renal disorders, and physical examination in 
cases of thoracic disease. 

The popular theory is that the carrying out an electrical investi- 
gation requires no special training, and is within the reach of any 
one possessing a battery and a superficial knowledge of the medi- 
cal applications of the current to the human body. What should 
we think of the pretension of a second year's student to being able 
to make a satisfactory stethoscopical diagnosis ? And yet is not 
the former notion as absurd as the latter ? In electrodiagnosis are 
involved problems, the solution of which requires a full mastery of 
the principles of electrophysiology, as well as a competent know- 
ledge of the neuropathological facts which underlie its pheno- 
mena. The fallacies besetting it are far more numerous and 
subtle than those attending the other methods of physical examina- 
tion of the living organism. Electrodiagnosis is a branch of 
experimental science, and science is no respecter of persons. The 
ablest physician, the most consummate neurologist, if he has not 
submitted himself to the conditions required, and passed through 
the ordeal of discipleship, will fail to obtain reliable results. The 
statement cf such results, even when expressed on oath in a court 
of law, is devoid of the least weight, and as experience has shown, 
more likely to be wrong than otherwise. It is less than an opinion — 
it is a mere guess. To be the expression of a scientific fact, it should 
have been reached by scientific methods, in which every source of 
fallacy had been carefully eliminated. 

It is true that often enough the results of an electrical investiga- 
tion are grossly palpable and not likely to be overlooked by the 
most casual observer. But even in such cases fallacies are pos- 
sible, as proved by the astounding mistakes that have been made, 
even by men of high repute ; and after all such instances are not 
those where the diagnostic value of electricity is greatest. Just as 
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the facts elicited by the physical examination of a heart or lung in 
the last stage of disease, do not reveal much beyond what the gene- 
ral aspect of the patient has led us to expect; so likewise but little 
additional light is shed upon the practical issues of the case by the 
reactions in a typical instance of infantile or lead paralysis, or of 
advanced progressive muscular atrophy. Where electrodiagnosis 
is of paramount importance is at the beginning, during the insidi- 
ous stage, of numerous neuropathies. Here, as in the earliest 
stage of phthisis for instance, the discrimination of subtle differ- 
ences between the normal and abnormal signs, requires that spe- 
cial training which cannot be expected from every member of the 
medical profession. At the same time the latter ought to be fully 
aware both of the importance and difficulty of the problems. At- 
tempting to cut the Gordian knot by a clumsy blow of a blunt 
sword; and sneering at the alleged pretensions of the "mystery- 
men" to keep a monopoly of their art, are both to be deprecated 
as irrational and undignified. 

The results of an electrical examination of motor nerves and 
muscles may establish one of three things : — 

(i.) The nerves and muscles examined react normally. 

(2.) Their reactions present quantitative abnormalities — that is 
to say, there is either an excess or a deficiency in the amplitude of 
the contraction following an excitation of given intensity, (a.) The 
"minimal" contraction occurs with a strength of current less or 
greater than that required to bring it about in the healthy organ. 
(6.) The "maximal" contraction obtainable in health cannot be 
elicited even with the strongest currents. When alone present the 
latter condition depends more upon deficiency of contractile tissue 
than upon deficient excitability. 

(3.) They present qualitative abnormalities — that is to say, (a) the 
order of apparition, or relative amplitude, of the muscular contrac- 
tions to the kathodic and anodic make and break of the galvanic 
current is altered ("serial" alteration); (i) the mode or course 
of the contraction, i.e. the myographic curve, is altered ("modal" 
alteration). When qualitative alterations are present, quantitative 
changes are invariably present also. This combination of quanti- 
tative, serial, and modal alterations in the muscular response ii 
known as the " Reaction of Degeneration " (RD). 

The only direct inference to be derived from the reactions of 
nerves and muscles to electricity relates to the state of their nutri- 
tion. If these reactions are abnormal, their nutrition also is ab- 
normal. When speaking of the reaction of degeneration we shall 
have the opportunity of dwelling more fully upon this important 
topic. In the meanwhile we may content ourselves with bearing in 
mind, first, that the normal nutrition of nerves and muscles indi- 
cates a healthy condition of the nerve-centres in the anterior spinal 
cornua, and of the nerve-fibres themselves, from the ganglionic 
cells composing those centres, down to the explored region; 
secondly, that such a normal nutrition is consistent with very con- 
siderable disturbance in the functions, whether in the direction of 
excessive or of diminished motility, of the organs examined. Such 
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a disturbance may depend upon various lesions of the higher nerve- 
centres and paths. 

I. Normal reactions. — The diseases of the neuro-muscular appar- 
atus in which the reactions are found to be normal are chiefly: — 

(1.) Cerebral disease or injury affecting the cortex and its fibres; 
the corpus striatum, pons, or peduncles. In other words all para- 
lyses and spasms of cerebral origin, whether due to organic 
haemorrhage, embolism, &c), or functional disturbance (hysteria, 
epilepsy, chorea, &c), are usually unaccompanied by any altera- 
tion of the electrical reactions as long as no secondary changes 
are set up in the cord. 

(2.) Spinal diseases affecting the white matter only, frequently 
do not influence the electrical excitability, at least during their first 
stages: such are locomotor ataxy, lateral sclerosis, disseminated 
sclerosis. 

(3.) Spinal lesions affecting a circumscribed portion of the cord 
in its whole thickness give rise to no electro-diagnostic phenomena 
in the parts below the part affected (transverse myelitis, compres- 
sion, crushing, &c). The nerves and muscles under the direct in- 
fluence of the diseased portion will, however, present the reactions 
of degeneration. 

(4.) Certain morbid states of the peripheral nerves, such as those 
obtained in the mildest cases of facial or musculo-spiral paralysis 
from cold or pressure, may be unaccompanied with any departure 
from the normal excitability. 

We have already said the only direct conclusion to be drawn 
from the fact that the electro-excitability) - is normal, is that the 
nerves and muscles which are the seat of the alleged diminution 
or excess of motility (paralysis or spasm, hypo- or hyper-kinesis), 
have not suffered in their nutrition. This conclusion is consistent 
with the co-existence of any one of the morbid conditions enume- 
rated above, but does not exclude the possibility of shamming on 
the part of the individual examined. In order to determine the 
latter point we shall have to consider whether the history and 
other symptoms of the case tally with one of the diseases shown to 
be possible by the electrical investigation. If we are satisfied that 
the case is genuine, we are enabled by the discovery that the re- 
actions are normal to exclude the participation of the spinal grey 
matter or of the nerve-trunks in the production of the symptoms. 
In some cases no doubt, the clinical aspects of a case dispense 

* I am aware that some authors have ascribed increased excitability to the 
nerves of choreic and other patients. But as their observations were apparently 
conducted without reference to the resistance of the parts tested, and as in those 
cases where the test was applied under galvanometric control, the apparent in- 
crease was shown to depend upon physical causes, we may relegate their state- 
ments with a vast mass of similar allegations to the class of errors of observation. 

f The term f/«rrro-excitability should be carefully restricted to its generic sense, 
including within it both galvano- and farado- excitability, or contractility. I do 
not in the least intend to convey, by these several expressions, that there is a 
special property in nerve and muscle by which they react to electrical stimuli, but 
use the terms in order to avoid the fastidious repetition of a longer, though more 
correct, periphrase. 
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altogether with the necessity of consulting- the electrical reactions, 
or restrain its utility to the determination of any secondary changes 
which may have supervened in the cord or peripheral nerves. But 
in not a few cases the presence or absence of electro-diagnostic 
signs is of the highest significance, and give the only clue to a true 
interpretation of the symptoms. Thus, to give but one example, I 
shall mention the discrimination at an early stage of cerebral 
paralysis (cortical, hysterical) from true spinal (poliomyelitic) 
disease. On the other hand the reader will see how unfounded the 
notion, which is still current among many physicians and surgeons, 
that an electrical investigation is a ready method of distinguishing 
between organic and functional disease, e.g., between hysterical 
and leucomyelitic paraplegia. 

II. Quantitative changes. — If the excitability is (a) augmented, the 
nerves and muscles reacting to a lower minimal stimulus than nor- 
mally, or the contractions being excessive to a given current 
strength, we may indeed conclude to some actual change in the 
molecular state of the nerve, but the information gained is not of 
any great practical importance, as the nature of that change is en- 
tirely hidden from us. It is supposed to depend in many cases upon 
an irritation or exalted reflex activity of the anterior cornua of the 
cord. Hyperexcitability is found in the early stages of cerebral 
haemorrhage, of locomotor ataxy, of facial paralysis, &c, but the 
phenomenon is not constant, especially in the hands of observers 
who eliminate the effects of altered body resistances by means of a 
galvanometric control. It is, however, extremely well exemplified 
in tetanilla, where the peripheral nerves have also their mechanical 
excitability exalted to a very remarkable degree. 

Increased excitability of muscles to the galvanic excitations is a 
characteristic feature of the early stages of degenerative reactions, 
as we shall presently see. 

(i). Diminution of the excitability (besides being a very constant 
accompaniment of the RD in several of its phases) occurs under 
numerous conditions, and may culminate in total abolition of re- 
sponse. Old-standing cerebral paralyses, involving secondary des- 
cending changes, and still more, diseases of the spinal white matter 
in their later stages, are characterised by a deficiency in the neuro- 
muscular excitability. The same may be said of certain cases of 
very slowly progressing muscular atrophy, in pseudo-hypertrophy 
of the muscles, and perhaps in the milder forms of idiopathic 
neuritis. Simple muscular atrophy from disuse, wasting diseases, 
or affections of the joints, is accompanied with deficient response 
to maximal rather than to minimal excitations. 

From this enumeration it is obvious that the chief conclusion to 
be drawn from the occurrence of diminished electrical reaction is 
more than a negative one. It excludes on the one hand polio- 
myelitis, on the other hysteria and all purely cerebral disturb- 
ances, as well as shamming. It invariably points to certain 
alterations in the nerve-fibres. In numerous cases it enables us 
therefore to prove the organic nature of a disease, and assists in 
localising and comparing the depth of the lesion. 
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In such cases, where the other features of the disease are not 
well marked, and where at the same time the diminution of excita- 
bility is slight, the utmost care in applying the principles of in- 
vestigation laid down previously must be taken before we can 
place any reliance upon the results; for, having here no qualita- 
tive changes to assist us in forming an opinion, we depend entirely 
upon an accurate dosage of our exciting agent in the diseased as 
compared to the standard healthy nerve. 

We do not know exactly the nature and amount of organic 
changes in the peripheral organs to which diminution of excita- 
bility is to be attributed. Nor can any reliable prognostic con- 
clusions be always founded upon the degree of that diminution. It 
is important, in connection with this subject, to remember that a 
nerve which has regained its functional activity— after complete 
section, for instance — may remain for months or years without re- 
gaining its electro-excitability below the point of lesion, though 
perfectly able to transmit volitional or artificial impulses from 
above. We know that such a nerve has undergone a process of 
degeneration and of regeneration, but it is not yet perfectly clear 
why the latter stops short of restoring to the nerve its electro- 
excitability. It is scarcely permissible to conjecture as yet that 
the changes in peripheral nerves following old central (cerebral or 
leucomyelitic) lesions are of the same nature as this post-regene- 
rative alteration. Still, such a possibility suggests itself almost 
involuntarily to the mind. The fact, however, remains incontro- 
vertible, that diminution of excitability is due to some alteration of 
local or central origin in the normal constitution of the nerve. 

III. The reaction of nerves and muscles present quantitative and 
qualitative (serial and modal) abnormalities : Reaction of Degeneration 
(RD). The phenomena attending excitation of the nerves and 
excitation of the muscles follow widely different courses, so that it 
is necessary to consider them separately. The appended diagrams 
will assist the reader in following the description of the somewhat 
complex phenomena of RD, (fig. 79, ff.) 

(A). Alteratio?is in the reactions 0/ nerves. These consist mainly in a 
more or less rapid diminution of excitability (to both currents 
equally) according as the progress of the morbid changes is quick 
or slow. When the functions of the anterior horns of the cord are 
are suddenly suspended, asin infantile paralysis, orwhen a peripheral 
nerve is divided accidentally, or becomes the seat of a circumscribed 
acute process, as in ordinary facial paralysis, the nerve becomes 
unexcitable below the point of the lesion within two weeks. When 
the original disease is developed more gradually, as in chronic 
polio-myelitis or neuritis, the loss of nerve-excitability proceeds 
synchronously with it, and may continue to progress for many 
weeks or months. 

The nerve reactions rarely show any qualitative changes ; in cer- 
tain cases, however, it is found that the muscular contraction ob- 
tained indirectly by galvanising or faradising the nerve are modally 
affected — that is, lose their character of an instantaneous twitch, and 
become sluggish as well as feebler. Serial modifications in nerve 



126 ELECTRODIAGNOSIS. 

response have also been observed, but for the present must be 
looked upon as exceptional occurrences. 

The period during which a nerve remains unexcitable varies 
considerably. In cases where, owing - to the depth of the lesion, 
recovery does not occur, excitability never returns ; but in certain 
cases, as we have already stated, it remains in abeyance perman- 
ently, or at least for a long- time after the nerve has been restored 
to its physiological integrity as an organ of transmission. Usually, 
however, the return of electro -nervous excitability follows closely 
upon the first manifestations of that integrity — i.e., upon the first 
transmissions of voluntary impulses. 

(B). Alterations in the reactions of muscles. On exciting a muscle direct- 
ly with (a) faradism, the phenomena are found to follow a course ab- 
solutely similar to the one they take in the nerve itself. This fact is 
fully concordant with the theory that by direct faradic stimulation 
of the healthy muscle it is really the intra-muscular nerve ele- 
ments, and not the muscular fibres themselves, which are excited. 
Muscular substance requires stimuli of longer duration than the 
instantaneous fluxes of induction for its excitation. The disappear- 
of farado-muscular excitability is synchronous with and depends 
upon the degeneration of the intra-muscular nerve elements. 

The effects of (b) galvanic excitation of muscle are highly charac- 
teristic. (1). Quantitative changes are present. Where the morbid 
process is acute there occurs first a slight diminution of response, 
soon followed by a well-marked rise. This rise is particularly well 
seen in severe facial paralysis of " rheumatic " origin, and in trau- 
matic peripheral paralyses. In such a case the rise begins during 
the second week of the disease, and rapidly reaches a point where 
the weakest galvanic current (two or three cells, as against eight 
or nine require to produce contraction on the healty side) is enough 
to excite the muscles. This galvanic hyperexcitability persists for 
several weeks, gradually sinking back to normal, or below normal, 
according to the depth of the nutritive changes in the muscle. In 
chronic cases the diminution is the only quantitative alteration ob- 
served in the muscular response. 

(2). Qualitative changes characterise the muscular contractions 
at the same time. These changes are both modal, the contraction 
being of a different type than in health, sluggish, with long ascent 
and descent, maximum shortening diminished, and serial. 

The diagnostic value of (a) the modal changes is not often found 
adequately recognised (when it is not completely overlooked) in 
electrotherapeutical writings; and yet it is quite equal to that of the 
other modifications of muscular response to galvanism. In many 
cases a protracted contraction wave is the only ground upon which 
we can base our judgement as to whether RD is present or not. 
This sluggish course of the muscular wave insensibly passes into the 
tonic contracton to be mentioned presently, the muscle remaining 
contracted during the whole time the current is flowing through it. 

* The exaggerated mechanical excitability of muscular tissue presenting the 
phenomena of RD has been noted by Erb and Hitzig. This property probably 
depends upDn the same histological changes which give rise to RD. 



ELECTRODIAGNOSIS. \2~] 

(b). Serial changes consist chiefly in the overtaking- of KCC by the 
ACC. Instead of requiring-, as in normal muscle, say, fifteen cells 
to obtain ACC where eight or ten give the first KCC, you re- 
quire only twelve, ten, or fewer cells. A similar inversion is 
sometimes noticed between AOC and KOC, the latter being more 
easily obtained than the former, but the opening contractions 
usually become fainter, and disappear altogether within a short 
period after the disease has set in. KDT and ADT, on the other 
hand, become very marked, the latter especially, the muscle re- 
maining in a state of persistent shortening during the whole dura- 
tion of currents just strong enough to produce a closure contraction. 

The length of time during which the qualitative alterations of 
muscular response may be observed varies with the general course 
of the disease. If recovery never takes place, the galvano-mus- 
cular excitability goes on sinking for a year or more; traces of 
ACC to strong currents may be elicited for a very long period in 
the last remainder of the dying muscular tissue. (Diagram 81). 

Just as voluntary stimuli find their way through nerve-fibres 
still unexcitable to faradisation, so muscle may go on showing 
phenomena of RD when fit to obey the command of the will. 
RD may likewise be demonstrated in muscles which have never 
yet shown any signs of impaired functions, such as for instance in 
lead-poisoning, the extensors of the hand before any sign of wrist- 
drop is noticeable. Indeed, it cannot too explicitly be stated that 
paralysis and RD are symptoms between which there is no essen- 
tial relation. 

What does RD, then, signify? What are the pathological 
conditions to which it corresponds, and the alterations of nervous 
and muscular tissue to which it is due ? It is of importance 
that we should have perfectly clear ideas on this point. The oc- 
currence of RD depends upon a specific histological modification of 
the irritable tissues called " degenerative atrophy" (not idiopathic 
myositis, not simple atrophy or "wasting"), and this degeneration 
itself is due to an interference with, or a stoppage of, the pecu- 
liar influence of the grey matter (bulbar nuclei, anterior horns of 
the cord) upon the nerves and muscles, known as the "trophic" in- 
fluence. Hence, from the occurrence of RD, whether complete or 
partial, we conclude to an alteration either of those centres them- 
selves, or of the channels which convey their influence. These 
channels are the motor fibres, as proved by the results of experi- 
mental pathology. 

According to the latest researches, section of a motor nerve is 
rapidly followed by coagulation of the medullary sheath, softening 
of the axis cylinder, and the breaking up of both, which eventually 
become reduced to a homogeneous mass of protoplasmic material 
filling the sheath of Schwann. The axis-cylinder does not survive, 
as was formerly believed, except when the nerve injury has been 
very slight. The neurilemma does not remain passive, but pro- 
liferates, and a cirrhotic condition of the nerve ensues. The inti- 
mate processes connected with the regeneration of nerve fibres 
have not yet been elucidated. 
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Whilst the sectioned nerve is going through these phases the 
muscles it innervates are the seat of corresponding histological 
changes. The fibrillse lose their distinct striation, and apparently 
undergo an alteration in their chemical composition. There is 
proliferation of nuclei, and of the connective tissue, leading also to 
a cirrhotic condition of the muscle. The regenerative process 
begins when the nerve has been restored sufficiently to exert its 
influence upon the muscular fibre. 

There is every reason to believe that the changes mentioned and 
just observed in warm-blooded animals, occur also in man under 
similar circumstances, and in idiopathic diseases of the trophic 
centres and of the nerve trunks. This probability is based upon 
the results of human morbid anatomy, and upon the fact that the 
course of the alterations in the electro-excitability both in man and 
in animals is essentially the same. The merit of having shown the 
dependence of the several phases of degenerative reaction upon the 
definite phases of histological changes, just described, belongs to 
Erb, who has embodied and summarised the facts in the annexed 
diagrams. 

Fig. 79. 

Atrophy of, and multiplication of Cirrhosis, 

nuclei in, the muscular fibres. 

Regeneration. 



Defeneration 
of nerves. 




Diagram A. Recovery rapid. 
[N.B. The slope of the line indicating the fall of farado-muscular contractility 
should have been made abrupt so as to end near the bottom of line 2]. 



Fig. 80. 
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Diagram B. Recovery slow. 
Diagram showing the synchronous evolution of phenomena, histological and elec- 
tro-diagnostic, in a case of severe trophic lesion of the neuro-muscular apparatus, with 
slow recovery. 
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Fig. 81. 

AtropTiv. mult of nuclei, cirrhosis. 



Final disappearance. 




Diagram C. No recovery. 



The time over which the phenomena spread themselves is indi- 
cated by the numbered ordinates (1, 2, &c, which denote weeks). 
The first ordinate (o) indicates the starting-point of the disease 
when very acute, or the moment of nerve section or injury. The 
dotted horizontal line indicates the voluntary power or motility, 
which is suddenly lost at o, and reappears at a sooner or later 
stage in cases of recovery (° in diagrams). The galvano- and the 
farado-muscular excitability* are denoted by two separate lines; 
the electro-nervous excitability by a third. The rise and fall of the 
several curves show the quantitative rise and fall of the reactions 
they represent. The wavy part of the galvano-muscular curve 
shows the period of qualitative alterations in the contractions. At 
the top of the diagram are indicated the approximate periods occu- 
pied by the various histological changes through which nerve and 
muscle pass during the process of degeneration and regeneration. 

During the first two weeks degeneration of the nerve occurs, and 
as a consequence its excitability vanishes. The disappearance of 
farado-muscular contractility denotes the degeneration of the intra- 
muscular nerve elements. The first symptom of regeneration is 
the apparition of motility ; close upon its heels usually follow the 
first signs of restored electro-nervous and farado-muscular excita- 
bility. The degenerative process in muscular fibre is accompanied 
with a quantitative (increase) and qualitative modification of its 
galvano-reactions. Cirrhosis coincides with a fall of the exalted 
excitability. The return of the normal mode and series of contrac- 
tions is very gradual. 

These diagrams are intended to represent typical cases of RD, 
and as such will rarely be found to tally in all their details with 
the exact course of events in an actual case. The conditions under 
which they are best realised are those in which the trophic centres 
or paths are suddenly destroyed (traumatic lesions, facial paralysis, 
&c.) When a more gradual morbid process is the cause of the 

* We have already mentioned that muscular substance, even when healthy, does 
not react to stimuli of very short duration, such as faradic shocks. Hence there 
is, absolutely speaking, no such thing as farado-muscular excitability. The term 
is a convenient one, however, and we use it to mean the indirect excitability of 
muscles to faradisation applied to the nerve endings and filaments they contain, 
as distinguished from the same excitability to faradisation applied to their motor 
nerve (farado-nervous excitability). 
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electrical changes, the intermixture of effects due to the simultane- 
ous excitation of fibres, some of which are healthy, others more or 
less altered in their structure, masks or distorts the degenerative 
reactions. Generally speaking, the rate of progress and depth of 
the lesion, as well as probably numerous other causes still hidden 
from us, tend to modify the phenomena in various ways. Fre- 
quently enough, the picture of RD presented to us, is but fragmen- 
tary or even fallacious; much experience and skill in conducting 
the experiments, can alone enable the observer to recognise the 
unity of type, between such instances and those schematised in the 
diagrams. It would be beyond the scope of an elementary work, 
to go into minute details concerning the numerous departures from 
the typical course of events just described. The beginner would 
only be confused thereby, instead of stimulated in his endeavours 
to familiarise himself with the fundamental facts of electro-diag- 
nosis. 

It is the chronological distribution and the relative intensity of 
the several factors combining in the production of the reaction 
of degeneration, which vary most considerably according to the 
acuteness and general anatomical and clinical characters of the 
lesion giving rise to them. Hence One presence of qualitative alterations 
in the muscular reactions is the main point to be attended to; 
for by itself it is sufficient to demonstrate the existence of the arrest 
or impairment of the trophic influence of the cord on the nerves 
and muscles. 

There is one variety of RD which requires special mention here 
however, because it throws some light upon this " trophic " func- 
tion, and is of prognostic importance. Erb has shown that in some 
cases the muscles alone display the typical quantitative and quali- 
tative modifications of galvano-reactions just described, whilst 
their farado-excitability is preserved and the nerve continues to 
respond normally or subnormally to both currents. The diagram 
(fig. 82) embodies these facts in their chronological order, and in 
their relations to the histological changes upon which they depend. 



Fig. 82. 

Degenerative Atrophy of Muscle. 



Regeneration. 



g weeks. 




Diagram D. 
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In this partial RD the nerve apparently remains intact, whilst the 
muscles go rapidly through a process of degeneration and re- 
generation. This is found in many cases of facial paralysis, where 
probably the pressure upon, or morbid process in, the nerve-fibres 
is not sufficient to impair their vitality, though sufficient to arrest 
their function — viz., the conduction to the muscle of trophic and 
motor influence. It is in certain cases of partial RD, that we find 



the modal alterations in the mus- 
cular response to nerve-excitation 
(viz., a sluggish, protracted con- 
traction to single stimuli, galvanic 
or faradic) previously mentioned. 
The fact of partial RD occur- 
ring also in certain diseases af- 
fecting the multipolar ganglionic 
cells, compels us to assume a dis- 
tinction between the neuro- and 
myo-trophic agencies. Whether 
this distinction depends upon spe- 
cial mechanisms or not, is as yet 
impossible to say ; still in order 
to represent the phenomena gra- 
phically, it is necessary to assume 
such special mechanisms ; but let 
it be understood that the physio- 
logical independence of the tro- 
phic influences by no means postu- 
lates the existence of special 
centres and fibres. Indeed the 
existence of any such structures 
may fairly be questioned. But 
trophic functions may perfectly 
well be ascribed to the motor 
centres, and all that is required 
for our argument is the recognition 
of the facts: (1) that trophic 
changes occuring in muscle are 
independent of paralytic pheno- 
mena; (2) that such trophic 
changes may occur in both muscle 
and nerve, or in muscle only. 

The appended diagram, also by 
Erb, will be found convenient as 
embodying in a schematic manner 
the relations between the motor 
and assumed trophic centres on 
the one hand, and the nervous 
and muscular fibres on the 
other. 

The point of convergence of the 
trophic, as well as of the volun- 
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Diagram E. 

M. Muscular fibre. 

N. Nerve-fibre, with its ending e. 

G. Multipolar ganglion-cell, from the 
anterior horn of grey matter, or bul- 
bar nuclei. 

c. Path of impulse from the brain : 
antero-lateral columns. 

r. Path of reflex excitation from the 
sensory sphere. 

m. "Trophic centre" for the muscle. 

n. " Trophic centre" for the nerve. 

m-m'. Path of trophic influence to the 
muscle. 

n-n'. Path of trophic influence to the 
nerve. 

K 2 
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tary and reflex influences, is supposed to be in the multipolar 
ganglion-cell, G. 

Thus if the lesion be at c, or what comes to the same thing in the 
cerebral centres above, we have as characteristic symptoms, para- 
lysis (loss of motility), but no atrophy, and no loss of electro- 
excitability of either nerve or muscle (cerebral haemorrhage, 
lateral sclerosis, &c). 

If the lesion involves both c and m we have paralysis with atro- 
phy of muscle, but not of nerve. Electrical reactions : qualitative 
and quantitative changes in galvano-muscular irritability; the 
nerve responds to both galvanism and faradism (amyotrophic 
lateral sclerosis). 

The lesion is confined to the trophic centre (m) of the muscle : 
the latter atrophies, but is not paralysed, and presents the qualita- 
tive alterations of reaction of degeneration ; the quantitative 
changes are only in the direction of a diminution unless the 
morbid process be acute. Electro-nervous excitability present. 
These phenomena (partial RD) occur in progressive muscular 
atrophy, bulbar paralysis, mild acute poliomyelitis, &c. 

When G is destroyed there is loss of motility, loss of reflex 
action, atrophy both of nerve and muscle. The electrical pheno- 
mena are those of the reaction of degeneration fully developed. 
The same phenomena must obviously be present when N is com- 
pletely (i.e., including m and ri) destroyed at one point. G is de- 
stroyed in anterior poliomyelitis (infantile paralysis); N in severe 
peripheral paralyses, whether from traumatic, "rheumatic," or 
any other cause. 

There are, however, many instances of peripheral paralysis, 
where the loss of voluntary motion exists, and yet the other symp- 
toms are not those of the "severe" forms just mentioned; they 
may be conveniently classed under the heads of the "light" and 
the "middle'-' form. 

In the light form, paralysis is the only symptom. All the re- 
actions are perfectly normal, we must then assume that N is inter- 
fered with only in its conductivity for motor impulse — M' and W 
remaining intact. 

In the middle form there is atrophy of the muscles and qualita- 
tive changes in their galvano-contractility ; electro-excitability is 
present (partial RD). Here there is in addition a lesion of the 
path m-m — otherwise, an interference with the myotrophic function 
of the nerve fibres. 

In lead palsy, which is characterised by atrophic changes in 
nerve and muscle, the reaction of degeneration is fully developed. 

The accompanying table must be taken as roughly schematic 
only. It is meant to fix the leading principles of electro-diagnosis, 
in the memory; not to act as a key to diagnosis. In progressive 
amyotrophic diseases, for instance, the typical reactions are rarely 
met with. The tendency of the lesion is to extend beyond its 
theoretical seat. Hence partial RD is here soon masked by con- 
siderable diminution in the excitability of both nerve and muscle. 
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Synoptical Table, showing the connection between certain pathological states 
and the electro-diagnostic phenomena accompanying them. 



Seat of 
Lesion. 


Prominent Symptoms. 


Electrical Excitability. 


Pathological Conditions 
where found. 


C 


Paralysis. 

No muscular degenera- 
tion. 


All normal. 


Lateral sclerosis (idiopa- 
thic or from cerebral 
disease). 


c 8cm 


Paralysis. 

Muscular degeneration. 


Nerve : Normal. 

Muscle : Qualitative and 
quantitative al- 
terations (par- 
tial RD). 


Amyotrophic lateral scle 
rosis. 


C 

-5 

go 

V 


At first no paralysis ; 
muscular (later ner- 
vous) degeneration. 


Nerve : Normal, later di- 
minished. 

Muscle : Qualitative and 
quantitative al- 
terations (par- 
tial RD). 


Progressive muscular 
atrophy (of central 
origin). 

Bulbar paralysis. 

Mild acute poliomyelitis. 


G 


Paralysis. 

Atrophy of muscles and 
nerves. 

Abolition of reflex ac- 
tions. 


Nerve : ~) RD 
Muscle : j 


Poliomyelitis anterior. 
(Infantile or spinal para- 
lysis). 
Lead poisoning. 


N 


Paralysis. 

No degeneration. 


All normal. 


Light form of " rheuma- 
tic," traumatic or pres- 
sure paralysis. 


N & m' 


Paralysis. 

Muscular degeneration. 


Nerve : Normal. 

Muscle : Qualitative and 
quantitative al- 
terations (par- 
tial RD). 


Middle form of ditto. 


N 
m' 

& n' 


Paralysis. 

Muscular and nervous 
degeneration. 


Nerve: > „ n 
Muscle :) KU 


Severe form of ditto. 


M 


Pseudo-paresis. 
Simple atrophy. 


Normal, or diminution to 
maximal excitations. 


Muscular wasting in 
phthisis, &c. ; and in 
diseases of joints. 

Idiopathic myositis ? 



We are now in possession of the facts revealed by the electrical 
investigation of the nerves and muscles in a number of morbid con- 
ditions, and we have learnt the principles of interpretation of these 
facts. We know also that normal reactions depend upon a normal 
nutrition of those tissues, and that certain quantitative and qualita- 
tive departures from the standard correspond to certain histological 
processes set up when the trophic influence of the cord is in abey- 
ance. We have insisted on the fundamental principle that there is 
absolutely no correspondence between the nature and amount of 
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reaction and the degree of motor disturbance. Muscles and nerves 
which are hopelessly paralysed may continue for years to yield 
perfectly normal responses to either current, whilst reactions in- 
dicative of degenerat.ve processes are consistent with a considerable 
amount of motor power. The following remarks are intended to 
define still more clearly the scope and limits of electro-diagnosis. 

The electrical exploration of muscles and nerves does not give 
us any direct information as to the nature of the lesion producing the 
motor or trophic symptoms. The latter may be inflammatory, or 
traumatic, or toxic. The determination of this point rests upon the 
history and general clinical aspects of the case, and the teachings 
of morbid anatomy in parallel instances. With reference to the 
localisation of the process, however, much light may be thrown 
upon the problem, especially when RD is present. The latter 
allows us to conclude at once to a disease of the anterior cornua, or 
of the peripheral nerves; and a more exact investigation of the 
distribution of the degenerative changes among- the muscles enables 
us to localise still more precisely the seat and extent of the morbid 
process. 

When the trunk of a nerve is diseased the degenerative processes 
extent over and are limited to, all the muscles supplied by that 
nerve. When, on the other hand, the lesion affects the anterior 
cornua ot the cord, these processes are distributed among groups 
of muscles having a physiological, and not merely an anatomical, 
connexion. The reason of this fact is that the ganglionic motor 
cells in the cord are arranged in groups governing the simpler 
coordinated movements. Hence, degenerative changes will be dis- 
tributed among' muscles, according to the seat and extent of the 
cornual lesion, and conversely the localisation of the peripheral 
changes gives us a clue to the position of the mischief in the cord. 
Such a localisation is often impossible without the assistance of a 
careful electrical diagnosis; as for instance, when the disease is of 
slow growth, and obvious atrophy and paralysis are not present. 
Every spinal motor root arises from a spinal segment containing 
circumscribed aggregation of ganglionic cells, which experimental 
physiology shows to govern the coordinated action of a certain 
number of muscles. Thus by faradisation of the several cervical, 
lumbar, and sacral roots in the monkey Ferrier showed thatin each 
case a certain definite movement of the arm or leg ensued. By 
analysing these movements he was able to define which muscles 
were thrown into activity in each case, and by reasoning one step 
further to determine the spinal motor centres of those muscles. His 
results confirmed in the main the views propounded by Remak and 
Erb on the grounds of clinical observation, and may be provision- 
ally, at least, tabulated as follows (see "Brain," vol. iv., 1881, p. 
226) : — 



4th cerv. 
5th „ 
6th „ 
7*h ,, 
8th „ 



Delt., rhomb., spinati, biceps, brach. ant., sup. long., ext. hand. 
Delt. (clavic), biceps, brach., serratus m., sup. long., ext. hand. 
Latis. dors., pect. m., serr. m., pronators, triceps. 
Teres m., lat. dors., subsc, pect. m., flex, hand, triceps. 
Flexors, wrist and fingers, muscles of hand., ext. wrist and fingers, 
triceps. 
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1st dors. .. Muscles of hand (thenar, hypothenar, interossei). 

3rd lumb. .. Ileo-psoas, sart., abductors, extensor curis. 

4 tn ii ■• Ext. fem. et cruris, peron. long., abductors. 

5 tn ,< .. Flex, and ext. toes, tibial, sural, and peroneal muscles, ext. rot. 

thigh, hamstrings. 

1st sacral .. Calf, hamstrings, long flexor big toe, intrinsic muscles of foot. 

2nd ,, .. Intrinsic muscles of foot. 

We see thus how from the occurrence of RD in certain groups of 
physiologically correlated muscles we can infer the spinal seat of 
the morbid process upon which the peripheral condition depends. 

Electroprognosis. — It is obvious from the fact that qualitative de- 
partures from the normal polar formula depend upon histological 
changes in the nerves and muscles, that electrodiagnosis gives us a 
clue to the depth of the lesion, and its rate of progress; hence it 
becomes in some cases a valuable means of framing a prognosis. 
Erb has shown how in cases of facial paralysis for instance the 
duration of the process of degeneration and regeneration could be 
accurately determined by the behaviour of the electrical reactions; 
we reserve this point for a fuller discussion hereafter. Generally 
speaking, the prognosis becomes gloomy in proportion to the per- 
sistence of the RD beyond the usual period of regeneration (see 
diagrams) but it may not be unnecessary to guard the student 
against the error of looking upon the occurrence of alterations in 
the response of nerves and muscles as in itself indicative of irrepar- 
able mischief. On the contrary, RD is often of far more favourable 
prognosis than normal reactions, which we have previously found 
to be consistent with absolutely incurable lesions, involving com- 
plete paralysis, as well as with intractable spasms, tremors, or con- 
vulsions. Perfect restoration to health, on the other hand, is often 
witnessed after the deep nutritive changes of nerves and muscles in 
paralyses of poliomyelitic or peripheral origin. 



THE COMPARISON OF EXCITATIONS. 

Having learnt the facts of electrodiagnosis, and how under certain 
conditions the reactions of nerves and muscles present quantitative 
and qualitative alterations, we come to the discussion of the me- 
thods of ascertaining these facts. 

The presence and degree of an alteration can be determined 
only by comparison. Now, every experiment involving a compari- 
son, in order to yield reliable results, must be made under definite 
conditions. These conditions, in the two instances compared, must 
be made identical, save upon the particular point which it is the ob- 
ject of the experiment to investigate. 

In testing a nerve with a view to determining quantitatively its 
excitability, we must ensure that all the conditions under which the 
experiment is performed be precisely the same as those under 
which our standard of comparison has been obtained, or at least 
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bear to them certain known relations. These conditions will be 
presently enumerated and discussed. 

Qualitative alterations of the modal category, involve compari- 
son not of quantity but of character. Their determination is easier 
and less liable to fallacies, because the experimental procedure by 
which we obtain it, requires no fine quantitative adjustments; on 
the other hand, a much more practised eye is required to re- 
cognise the finer gradations of an altered muscular curve. Modal 
alterations are recognised by the more sluggish and less complete 
character of the muscular contraction, as compared with what we 
have learnt in the physiological part to be the normal contraction. 
The myographic curve of the one presents a less steep ascent, a 
more protracted summit, and a more gradual descent than the 
curve of the other. 

Serial alterations consist in a disturbance of the order in which 
the polar closure and opening reactions occur under conditions of 
increasing current strength. The comparison is one of relations; 
we have not to compare the absolute exact quantities of electricity 
required to bring about each of the members of the polar formula 
in the explored nerve or muscle, with the quantities required for 
the same purpose in the standard organ; but to determine whether 
the proportions which these quantities bear to one another in the 
one series, are the same as those obtaining in the other series — in 
other words whether the several kathodic and anodic closure and 
opening contractions make their appearance to current strengths 
growing in the same proportion in the two series. In testing for 
qualitative serial alterations of the formula, therefore, we are not 
subjected to the difficulties arising from the necessity of localising 
equal excitations in two different structures ; it is enough if we 
localise two series of excitations in corresponding points of the 
body, and note in each case the strength of the current necessary 
to elicit the several reactions. 

Owing to the variations in the resistance of the skin in different 
individuals and at different points of the body of the same in- 
dividual, and to the variable relation of different nerves to the skin 
and the underlying tissues, it is obvious that the only trustworthy 
standard with which we may compare any reaction of a diseased 
nerve (or muscle) is the same reaction obtained on the symmetrical 
healthy organ on the opposite side of the body. The method of 
effecting the comparison will be set forth presently. 

Whenever a nerve presents abnormalities on both sides of the 
body, it becomes necessary to have recourse to a less reliable stan- 
dard ; and this may usually be obtained by the exploration of some 
other nerve which experience has shown to yield, on the average 
individual, minimal contractions to a strength of current, either simi- 
lar to, or at least differing by a known proportion from, that re- 
quired to excite the explored nerve. When, for instance, one of the 
peroneal nerves has to be tested, and its reactions cannot be com- 
pared to those obtained on the other peroneal, recourse should be 
had to the ulnar for instance, or to the spinal accessory, or to the 
facial, which experience shows to react to currents not widely dif- 
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ferent in strength from those necessary to excite the peroneals in 
the average specimen of mankind. °- 

The comparison of the excitability of two different nerves is 
always a task of some delicacy; but when in addition, the subject 
of the experiment is very fat, or presents other such peculiarities, 
the demonstration of quantitative departures from the normal ex- 
citability, becomes a matter of great difficulty and uncertainty. 

Everyone therefore who is called upon to investigate the re- 
actions, under conditions of bilateral disease, should be familiar 
with the scale of excitabilityf of certain conveniently chosen nerves 
in the healthy subject. 

As a means of obtaining this familiarity, and as an exercise to 
be sedulously practised on numerous healthy individuals, prepara- 
tory to investigating diseased subjects, the following experiment is 
here described : — 

The positive pole of the faradic current being connected to a 
large electrode held steadily upon the sternum or back of the sub- 
ject, the negative is connected with a fine electrode, fixed to an 
interrupting handle. The observer then seeks the weakest current 
(expressed in terms of the distance between the primary and 
secondary coil) necessary to obtain a muscular contraction, when 
the electrode is applied to the temporo-facial (branch to frontal 
muscle), the spinal accessory, the ulnar, the peroneal nerves. The 
spots at which the excitation is made on each side of the body 
must be exactly symmetrical. Having made a table of the num- 
bers so obtained the observer proceeds to test the resistance of the 
body at the places where the current has been applied. For this 
purpose he connects the large electrode (which remains unmoved 
on the trunk) with the positive pole of a galvanic battery of which 
10 cells are put, with a galvanometer, into the circuit; and exchang- 
ing the fine electrode for a middle-sized one, connects the latter 
with the negative pole and applies it successively over each of the 
nerves which have been excited. He reads on the galvanometer 
the deflections obtained in each case and writes them down oppo- 
site the corresponding numbers of the table.:}: 

Every time the electrode is applied to the skin, whether for ex- 
citing or estimating the resistance, it must be moistened afresh. 

A concrete example will be useful to make this description clear, 
and show more fully the bearings of the results obtained. The 
following numbers were obtained in an experiment : — 



* This is the method devised by Erb and published by him in a paper on 
"Tetany". (Arch.fiir Psych., 1873. Cf. " Elektrotherapie." Lecture viii). 

r It is not meant here that the various nerves differ in their absolute excitability, 
but only in the readiness with which they are reached by percutaneous excita- 
tions, under varying conditions of depth, environment, etc. 

I The reader who has mastered the first chapter of this book need not be more 
than reminded that the galvanometric deflection indicates the strength of the cur- 
rent given in each case by the 10 cells, and is therefore in each case inversely pro- 
protional to the resistance of the part of the body included in the circuit. 
E\ 



(Ohm's law: C = ^\. 
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Nerve excited. 


Distance of Coils (in millimetres) 
at which first contraction appeared. 


Approximate Galvanometric 
deflection with 10 cells. 


Temporo-facial 


Right 130 


Left 132 


Right 6-1 


Left 63 


Spinal accessory . 


>. 124 


.. 123 


,. 4-8 


„ 4'8 


Ulnar . 


.. "9 


„ 118 


■• 44 


.. 43 


Peroneal 


ii 121 


.< 119 


„ 3-8 


.. 35 



The experiment is completed, if necessary, by finding- the strength 
of galvanic current requisite to produce a contraction, when the 
circuit is closed, with the negative pole on the nerve (KCC), in 
each of the 8 cases tabulated above; and the number of cells, or 
better still the galvanometric deflection, written down by the side 
of the corresponding reading of the induction scale. 

It will be found that on every healthy subject there is a certain 
proportion preserved between the numbers forming each series 
of the above table. Variations occur owing to the extraordinary 
complexity of the conditions governing the results ; but personal 
experience will teach that those variations are not considerable, 
and, as we shall have the opportunity of showing more fully fur- 
ther on, that they often are explained by differences in the resist- 
ance of the skin or tissues at the points of application. The 
recorded galvanometric control gives a clue to such differences, 
and serves to eliminate the fallacies arising from them. 

The table shows us that in the typical individual we tested, the 
two nerves of each pair reacted to much the same current, but that 
the temporo-facial and spinal accessory responded to apparently 
weaker currents than the ulnar and peroneal ; we say appar- 
ently because, as the galvanometer shows us, the resistance of the 
tissues in the case of the face and neck is less than in that of the 
arm or leg; and because the numbers taken from the induction- 
scale represent electromotive force, not current strength. 

The practice of such observations as these, is to the electro- 
therapeutist, what the study of healthy heart and lung sounds are 
to the stethoscopist. It is essential to the framing of a standard of 
comparison, without which any attempt at estimating departures 
from the normal must necessarily prove futile. 



THE CONDITIONS OF EQUAL EXCITATIONS. 

When two effects are to be quantitatively compared it is essential 
that the amount of force used as reagent should be precisely simi- 
lar in each case. Now the cause of the muscular contractions we 
are studying is a certain alteration in a definite portion of irritable 

* We have mentioned (p. 74) that the electromotive force of a coil increases 
much more rapidly than the arithmetical ratio adopted in the graduation of the 
scale (in millimetres, etc.). Thus in the example given above the coil at 120 mm. 
might very well be supposed to give an electromotive force almost double of that 
obtained when it stands at 130 mm. 
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tissue by the passage of an electrical current; and this alteration 
is proportional to the quantity of electricity conveyed by the current 
through that portion, in other words to the electrical density in 
those tissues. 

From the principles illustrated in the former part of this book 
we know that the electrical density in the embedded nerve over 
which one electrode is applied is the product of four factors : 

1. The absolute strength of the current — (itself determined by 
the electromotive force and the resistance in circuit). 

2. The size of the exciting electrode. 

3. The relative position of the exciting electrode, with reference 
to the underlying nerve. 

4. The specific resistance of the surrounding tissues, with refer- 
ence to that of the nerve. 

But we have already had the opportunity of convincing ourselves 
that a contraction is proportional not only to the degree of electri- 
cal alteration to which a nerve or muscle is subjected, but also to 
the rate at which the change is developed (see Electrophysiology, 
Exp. III). We must therefore ensure a perfect equality of the 
time taken by the current to reach its maximum at each make, or 
closure of the circuit, and its minimum {i.e. to cease) at each break 
or opening. This can be done only by making and breaking the 
current in the metallic part of the circuit with a properly con- 
structed mechanism whilst the electrode remains immoveably ap- 
plied over the nerve or muscle examined. "Dabbing" the skin with 
the electrode, as is often done, is to be rejected for the quantitative 
estimation of excitability on account of the irregularity of the 
makes and breaks thereby produced, as well as of the inevitable 
shifting of the electrode at every make from the exact spot chosen 
over the given nerve. 

When speaking of the " motor points " we had an opportunity of 
showing that the excitability of the muscular surfaces varies greatly 
from place to place according to the presence or absence 
of motor nerve filaments. No two contractions are comparable 
which have not been obtained by localising the stimulus in portions 
of muscles similar in this respect (not for any physiologi- 
cal, but for the physical reasons emunerated above) in the 
intensity and nature of the effects produced. Hence a condition 
to be fulfilled with reference to the place at which comparative ex- 
periments are to be made. The portions of tissue in which the 
electrical change is effected must be similar in every case. 

The quantity and time conditions, constitute the factors of Du Bois- 
Reymond's law; for which we may for our purpose (including the 
place condition) substitute the fundamental axiom: "that in order 
to obtain absolutely comparable results we must ensure that equal 
quantities of electricity vary, in equal and similarly placed portions 
of contractile tissue, in equal times." Now it is impossible with the 

* Many interrupters are so badly constructed as to give a series of excitations at 
make and at break. Instrument makers should be impressed with the importance 
of attending to apparently insignificant details of construction — here as in numer- 
ous other instances. 
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most accurate instruments, and the most skilled use of them, to se- 
cure fully these conditions in the human body. We can, indeed, 
by means of the galvanometer, control the quantity of electricity 
flowing in and out at the electrodes ; and, by means of an inter- 
ruptor, make and break the current with a uniform rapidity. But 
beyond this we can only approximately carry out the rule. By 
endeavouring to secure an accurate localisation of the electrodes, 
and a steady pressure upon them, we diminish the chances of an un- 
equal diffusion of thecurrent in the deeper structures to be influenced. 
This diffusion, however, further depends upon conditions beyond our 
ken, that is, upon the state of the deep tissues themselves, as affect- 
ing their relative conductivity, which in health we may assume to 
be more or less constant — but not so in disease. Here, therefore, 
we have a source of fallacies which no precautions can remove, and 
which are occasionally sufficient to vitiate the most carefully con- 
ducted experiment. Practice and experience alone can teach us 
when there is reason to believe that a departure from the normal 
type of contraction is partially or entirely due to physical, instead 
of physiological or pathological causes. 



THE GALVANOMETER IN DIAGNOSIS. 

We have spoken of the galvanometer as the means of eliminating 
one of the fallacies — the leading fallacy — besetting electrodiagnos- 
tic investigations. It is strange indeed to hear men who ought to 
know better gravely assert the presence of increased or diminished 
irritability in a nerve or muscle without any reference to the resis- 
tance of the body in the particular instance. If the galvanometer 
is mentioned to them they object that their purpose is a purely 
practical one; they do not want to measure anything, but only to 
estimate the reactions of a diseased organ ; they say that the 
needle takes too long a time to settle ; and that after all the galva- 
nometer is applicable to the galvanic current only — the faradic can- 
not be so measured. These objections betray a complete miscon- 
ception as to the application of the galvanometer to electrodiagnosis. 
Actual measurement of current, it is true, can be dispensed with in the 
practice of diagnosis but not so the elimination of fallacies due to 
variations in the resistance of parts of the body included in the cir- 
cuit. The galvanometer has to be used in electrodiagnosis for the 
purpose of fulfilling this condition. What should we say of a phy- 
sician who after examining each side of the chest with a stetho- 
scope of different conducting power, stated that the sounds were 
louder on one side than the other, and thence concluded to an abnor- 
mal condition of the lungs ? And yet this is precisely the mistake 
to which those who reject the galvanometer as useless in diagnosis 
are constantly exposed, and which makes their statements concern- 
ing the augmentation or diminution of excitability in numerous 
cases or kinds of disease of no value. The method of eliminating 
the influence of variable resistances consists in taking a convenient 
number of cells, say 10, and registering the deflections given when 
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the electrodes are applied over the nerves and muscles which are 
the subject of the electrical test on either side of the body. The 
numbers so obtained are inversely proportional to the resistances 
of the several points tested, and reveal whether any apparent dif- 
ference in the reactions arises from a difference between these re- 
sistances, (see p. 137). The following' example will make this point 
clear, and serve as an example for practice. 

On examining- the reactions to faradism of several nerves of a 
man on the two sides of the body, the following numbers were ob- 
tained. They express (in millimetres) the distance of the secondary 





Distance of Coils. 


Deflection of the needle in mw. 
15 cells. 




Right 224 


Left 228 


Right 9-4 


Left 9-3 


Accessory . . . . 


., 236 


» 239 


„ IOT 


,, IO'2 


Ulnar 


„ 212 


,, igo 


,. 4'3 


„ 36 


Peroneal . . . . 


,. 215 


„ 218 


4'5 


,- 4'2 



coil from the primary when the first contraction is observed. 

The usual method was used, viz., a large electrode was fixed to 
the trunk ; the other (small) was applied over the several nerves 
mentioned, both were well moistened. What strikes us at once is 
the disparity between the apparent strength of current necessary 
to excite the right and left ulnar respectively. Had the case been 
one of alleged railway injury, had the man complained of subjec- 
tive sensations or muscular weakness, there would have been no 
dearth of witnesses ready to swear, after an examination conducted 
according to the popular notion, to an organic disease of some part 
of the brain, cord, or nerve, or all three. But in this case the man 
was perfectly healthy. 

The apparent paradox vanished the moment we took the precau- 
tion, after the faradic examination, and before drawing any conclu- 
sions from the results it yielded, of consulting the galvanometric 
needle. The revelation obtained thereby of a notable difference in 
the resistance of the skin or tissues on the two sides of the body, 
showed that the increase in electromotive force which had to be 
called into play before we could obtain contractions on the right 
side, was necessary in order that the testing current should be 
brought to the same strength as on the left side. The practical lesson 
derived from this and other similar instances is obvious ; it may 
be added that if the danger of mistaking variations in the tissue 
resistance for variations in excitability may be so great in uni- 
lateral disease, it becomes greater still where, both sides of 
the body showing apparent abnormalities, we have no stan- 
dard by which to determine how far the departures from the 
normal are caused by alterations in the conductivity, rather than in 
the excitability of the tissues. In all such cases the use of "high 
tension " currents (see page 30) is of material assistance in elimin- 
ating the influence of increased tissue resistance. 
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OTHER FALLACIES OF DIAGNOSIS. 

We need not say much with reference to the physiological 
sources of fallacy in electrodiagnosis. The alterations in the 
excitability of a nerve due to previous polarisation or excitation 
might, under certain circumstances, lead to conflicting or misleading- 
results. When the effects of the two poles are successively tested it 
may easily happen that the contractions are exaggerated to that pole 
which is used after the other. In order to eliminate the influence 
of after effects, we must abstain from exposing the nerve or muscle 
to long continued galvanic influence, and excite at intervals suffici- 
ently long to allow the disturbing effect of previous excitations to 
pass off. Again, when the opening contractions are investigated 
we must adopt a definite rhythm for the making and breaking of 
the current, owing to the influence of the duration of the current 
upon the OC. In all cases of doubt repetition of the examination 
on the rested nerve or muscle becomes necessary. 

There are a number of adventitious circumstances connected 
with the testing of nerves and muscles in the living body, which 
tend to obscure or distort the evidence of abnormal reaction. The 
chief of these is the diffusion of the stimulus to neighbouring parts, 
and the consequent admixture of muscular effects. This is espe- 
cially the case when the excitability of the organ tested being dimin- 
ished, strong currents are required to excite them. We then find 
that the whole limb or part is thrown into action, and it becomes 
necessary carefully to distinguish whether there is any contrac- 
tion of the muscle under observation. Atrophy of the explored 
muscles also favours diffusion of the current into adjacent parts. If 
for instance we have to test a case of saturnine wrist drop, we 
shall usually find that not only the neighbouring extensor mus- 
cles, but that the flexors also, partake in the movements. The 
contractions of associated muscles tend to hide the real defici- 
ency in the action of the diseased ones; whilst the contractions of 
the antagonists tend to counteract and efface the effect produced by 
the contraction of the muscles under examination. Such an inter- 
mixture of effects cannot always be prevented, and we must keep a 
vigilant look out for the amount of movement observed at the sur- 
face, or at the tendons, of the diseased muscles. It is always good 
to keep the limb in a such a position as to give the freest possible 
play of these muscles, whilst the associated movements are kept in 
check by appropriate mechanical means. 

A still more difficult task is that of distinguishing between the 
reactions of degenerating bundles of muscular fibres, and the 
healthier tissue with which they often are surrounded. In several 
forms of degenerative atrophy the whole muscle is not affected "en 
masse" but piecemeal. We then find that the maximal contrac- 
tions are diminished, though the minimal may be obtained with 
low current strengths. Though the kathodic and anodic closure 
contractions may apparently be serially normal, there may yet be 
observed, following the latter chiefly, typical sluggish contractions 
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of degenerating fibres.* 1 It is the want of attending to this fact 
which makes many observers miss the presence of degenerative 
reaction in progressive muscular atrophy and other chronic atro- 
phies of " spinal" origin. 



THE PRACTICE OF ELECTRODIAGNOSIS. 

The thorough and accurate investigation of a man's electrical 
reactions is, we repeat, a physiological experiment of a very deli- 
cate and complex nature, very different indeed from what com- 
monly passes under the name of an electrical examination. It 
requires a knowledge of the principles, physical and physiological, 
laid down in the previous chapters of this book, and in addition re- 
liable instruments and skill in using them. A few words concern- 
ing the method of carrying out an actual investigation, will there- 
fore not be superfluous. 

The subject must be so placed that the symmetrical body be 
equally accessible to the operator; the light must be good and 
side shadows avoided. It is very difficult indeed to examine a 
patient in bed, owing to the difficulty of getting readily at the sym- 
metrical points of the body. The muscles to be excited must be in 
an equal state of relaxation, and the patient instructed neither to 
assist nor resist the movements imparted to the limb by the excita- 
tion. 

One electrode of large size (a plate of flexible metal) is fixed 
securely to the trunk, and this is by no means such an easy process 
as one would think. The sternum is preferred as a point of appli- 
cation by the highest authorities. In some cases the patient can 
keep it fixed himself with one hand; or it maybe secured by a 
broad elastic band round the body, or by the dress. In order to 
ensure uniform pressure upon the plate, it is desirable to stuff in 
between the plate and hand or dress an artfully crumpled napkin. 
These details, insignificant as they look, are essential to the smooth 
and successful carrying out of the experiment. 

The other electrode, of smaller size and fixed to an interrupting 
handle, is held in the operator's hand. 

In performing all electrodiagnostic operations care must be 
taken to use water, or salt and water, plentifully; and not to allow 
the current to flow longer than is absolutely necessary, for each 
excitation, or when the galvanometer has to be consulted, for the 
needle to come to rest. In the examination of the nerve trunks 
and motor points, it is best to begin with the faradic current. For 
this purpose the " fine" or the " small" electrode is to be used, ac- 

* I have had under observation a case of progressive muscular atrophy in which 
such a phenomenon, but on a larger scale, was beautifully developed. Galvanic 
stimulation of the flexor muscles of the forearm, was followed by a distinctly 
double contraction as shown by the movements of the tendons at the wrist. 
Whilst some reacted fairly vigorously and rapidly, others displayed the sluggish 
type of contraction and were seen to rise and sink after the others had accom- 
plished their jerk. 
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cording to the size of the structure to be excited. The main con- 
ditions to be fulfilled are the accurate localisation of the current 
upon symmetrical points, and the thorough moistening- of the elec- 
trode and skin. As the operation has often to be repeated several 
times, it is convenient to mark these points, when found, with a 
copying-ink pencil. We determine at what distance of the secon- 
dary from the primary coil, the muscles begin to react. If the ex- 
citability is low, strong- currents have to be used ; it is then neces- 
sary, on account of the pain, to make slow interruptions by moving 
the hammer with the finger, or by a spring rheotome in the pri- 
mary circuit. When the differences are slight, repeated examina- 
tions are imperative. 

The previous remarks referring to the intermixture of muscular 
effects must be kept in mind, and the necessary precautions taken 
to eliminate them — here and throughout the examination. The 
electrode must be dipped in the liquid every time it is applied to 
the body. Having determined the minimal excitability of the 
nerves and muscles, we complete our examination, if desirable, by 
estimating the amount of contraction obtained with a current of 
medium strength; and determine also the maximal contraction ob- 
tainable with very strong currents. When the amplitudes of two 
muscular contractions have to be compared, it is advantageous to 
use a bifurcated rheophore with two equal interrupting electrodes, 
which are held, one in each hand, over the corresponding points in 
the two sides of the body. The current is then sent alternately 
through the one and the other; any difference in the amount of 
movement produced is far more readily observed thus, than when 
a single electrode is transferred from one side to the other. 

We next take a galvanic current of 10 cells, with the galvano- 
meter in circuit, and note the deflections of the needle when the 
electrode (of medium size) is placed over the points to which the 
testing current has been applied (see page 137). The deflections 
betray any differences which may exist in the resistance between 
the two sides ; and if we are using instruments familiar to us, ena- 
ble us to measure these resistances and compare them with others 
if we choose to do so. 

We finally proceed to the examination by means of the galvanic 
current. The electrodes are to be larger than those used for the 
faradic current (the "small" disk about \ inch in diameter (p. 90) 
answers very well). The nerves and motor points are excited by 
makes and breaks of the current. We note the number of cells (or 
better still, if we have a dead-beat galvanometer, the deflection) 
at which the various reactions appear. We begin with the kathode 
then proceed to the anode, making and breaking the current with 
equal periods of flow. It is here that the influence of electrotonic 
after-effects have to be guarded against. The current must not be 
allowed to flow long, and kathodic and anodic excitations made to 
alternate several times in succession, allowing an interval to elapse 

* i.e. a galvanometer in which the swinging of the needle is diminished by 
some artifice of construction. 
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between each change of pole. Having thus established the "polar 
formula" of the nerve examined, that is to say observed the rela- 
tive current-strengths at which the several closure and opening 
contractions occur when each pole is on the nerve (KCC, ACC, 
AOC, KOC), and at which the closure contractions become tetanic 
during the period of flow (KDT, ADT), we proceed to investigate 
the reactions of the muscle themselves to galvanic excitations. 

Taking an interrupting handle fitted with a "small" or a 
"medium" electrode according to the size of the muscle, we pro- 
ceed to examine the reactions to the closure and opening of the 
current, when the kathode and when the anode is on the muscle 
observing the same general rules of procedure as in the examina- 
tion of nerves. We have said previously that qualitative alterations 
(serial or modal) are not usually met with in the galvanic examina- 
tion of nerves. In that of muscles, on the contrary, they form the 
most important part of the process — though quantitative abnor- 
malities are by no means to be overlooked. 

The normal polar formula of muscle is not so complex as that of 
nerve. It is difficult to obtain by the direct galvanic excitation of 
a muscle more than two reactions, viz., KCC and ACC. When- 
ever an opening contraction or a duration tetanus is readily ob- 
tainable we may assume an abnormal constitution of the muscular 
fibre. Another peculiarity of normal muscular reactions is, that 
owing to the complex structure of the organs which contain a vari- 
able intermixture of nerve elements, there is a certain relation 
between the current strengths necessary to produce KCC and ACC, 
and it is somewhat variable. It is even possible on perfectly healthy 
muscle to obtain the ACC before the KCC. The explanation of 
these facts is to be found in the fact that the excitation falls in the 
kathodic (polar or peripolar) zone of polar action ; according 
therefore to the presence or absence of the more excitable nerve 
elements, in one of the two zones, the effect of the positive or of 
the negative pole will be enhanced. It is important therefore to 
remember this source of fallacy in testing muscle for serial altera- 
tions, though its practical importance is less than appears at first 
sight. The reactions of a muscle at one point of its surface must 
however not be compared to those at another point of the same 
muscle, but to those at the corresponding spot of the same muscle 
on the other side of the body or on some other person. 

The estimation of modal changes in the muscular contraction 
requires a well exercised eye — especially when the altered muscu- 
lar fibres are mixed with healthy ones, and the mixed effects of 
their simultaneous excitation have to be mentally disentangled. 
No description can supply the place of personal experience ; here 
as everywhere else in electrodiagnosis the one thing needful above 
all is Practice. 
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Chapter IV. 

ELECTROTHERAPEUTICS. 

A. GENERAL— INTRODUCTORY REMARKS. 

That electricity is a valuable agent in the palliative or curative 
treatment of numerous morbid conditions is a fact now too univers- 
ally recognised to require any illustrative proofs in these pages. 
If on one hand a large number of the reported successes of its thera- 
peutical applications have no existence save in the imagination of 
the writers, yet on the other, not a few of the failures experienced 
in its use by otherwise able physicians are to be ascribed to the 
ignorance which still prevails of the rationale and methods of 
electrisation. The object of the present chapter is to give a con- 
densed yet practical account of this part ot our subject. But I 
would at the outset warn the reader that much personal practice 
is required before he can hope to carry out satisfactorily the ap- 
parently simple directions for the electrical treatment of the various 
cases in which it is indicated. Let him ever remember that he has 
to treat patients, not diseases; and to use an agent as multifarious 
in its mode of action upon the organism, as in its external mani- 
festations. 

The tendency of modern therapeutics is to become "physiologi- 
cal," to explain the effects of remedies on the diseased organism 
by their effects on the healthy organism. Now it is obvious that this 
tendency may be, and is frequently, pushed too far. The action of 
many of our most potent drugs escapes all our methods of physio- 
logical experimentation. Moreover we must not forget that dis- 
eased tissues react differently from sound tissues to the same 
influences. A perturbation set up in the function or nutrition of a 
cell or fibre which has become the seat of some abnormal process 
may be followed by a restoration to health ; whilst the same per- 
turbation brought to bear upon sound tissue is met and neutralised 
by the tendency of the normal organism to preserve its vital 
equilibrium. Thus the administration of the bromides may affect an 
epileptic brain differently from what it does a healthy brain. 

Our positive knowledge concerning the physiological action of 
electricity is limited to its effects upon the excitability of nerve and 
muscle. Everything beyond these narrow limits is involved in 
comparative darkness. Now it is obvious that we can no more 
attribute the curative influence of the current upon diseased tissues 
to these exciting and modifying properties, than we can ascribe 
those of arsenic or iodine to their obvious physiological effects. 
We are compelled in both instances to assume that these agents 
set up certain nutritive changes of a deeper nature, whereby the 
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tissue elements are enabled to resume their normal functions and 
constitution. Attempts have been made in the case of electricity to 
explain the occurrence of such changes by its well known chemi- 
cal and physical, as well as by its physiological, properties. We 
may provisionally preserve the name of "Catalysis," given by 
Remak to the complex influence of the galvanic current on nutrition 
due to : — 

1. Its property of conveying liquids from pole to pole (catapho- 
resis and osmosis) through the tissues, whether cell-walls, or inter- 
cellular material. 

2. Its property of inducing chemical changes in solutions through 
which it circulates (electrolysis). 

3. Its effect upon the circulation of lymph and blood through the 
tissues. This effect is a. direct (by excitation of vessels them- 
selves), b. indirect (of vasomotor or sympathetic nerves), c. reflex 
(of sensory nerves). 

To which list we may add — (4). Its possible excitation of the 
trophic influence of nerves on tissues; and of their constituents 
cells themselves. 

The effects of the faradic current may also be defined as very 
slightly modifying — markedly exciting and moderately catalytical. 
Little is known concerning them, however, and they must necessarily 
vary with the method of faradisation employed. 

INFLUENCE OF DIRECTION AND OF POLE, 

Currents are said to have a descending or ascending direction 
according as they flow with or against the natural volitional 
impulse in motor nerves. In the opinion of some observers, it is 
this direction which determines the effect (exciting or depressino-) 
obtained by electrizing a nerve. The reasons why we dissent from 
those who base their methods of treatment upon the alleged 
physiological influence of the directions of electrical currents 
in the body are, 1st, that in physiological experiments on human 
as well as on frog's nerves all the phenomena observed are best 
explained on the theory of polar influences only ; 2nd, that it is im- 
possible to send a current ot any density in a given direction through 
a moderately long piece of embedded nerve; 3rd, that catalytical 
effects are independent (so far as we can ascertain) of the direction ■ 
4th, that the theoretical claims set up in favour of specific indi- 
cations for the use of ascending or descending currents in the 
treatment of various disorders are not justified by experience. In 
fact among the writers who have based their systems upon the 
assumed directional differences a great deal of divergence prevails 
as to the indications for the current to be used; whilst their practi- 
cal results agree among themselves, as well as with the results ob- 
tained from the application of the "Polar Method " to treatment. 
The latter, which we saw was the only method possible in human 
electrophysiological and in diagnostic inquiry, consists in paying 
attention only to the pole to be applied to the suffering part. The 
effect of the other pole is said to be eliminated by placing it (as we 

l 2 
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have shown already) upon a distant, " indifferent," part of the body. 
The indications for the use of the anode and kathode respectively 
are, according to the theory, the electrotonic effects : where you want 
to depress nerve-activity, as in neuralgia or spasm, use the positive 
pole so as to produce anelectrotonus (or diminished excitability in 
the nerve). Where you want to excite nerve activity use the nega- 
tive pole so as to produce katelectrotonus (or augmented excita- 
bility). 

This theory appears very rational, but is it sound — asks the 
sceptical reader — is it confirmed by practical results ? Several ob- 
jections may be raised against it. First we know that whichever 
pole we apply over a nerve, we create in that nerve two virtual 
electrodes of opposite names, an anode and a kathode, so that we 
never can eliminate altogether the effect of the other pole. Next 
we know that excitability is diminished in the anodic region only 
during the short time the current actually flows; as soon as the 
latter is broken the nerve passes into a state of increased excita- 
bility. Again we know nothing about the intimate processes upon 
which the electrotonic conditions depend ; nor do we know much 
more about the molecular state of the nerve when the seat of 
"neuralgia" or "paralysis." There really does not seem to be 
any analogy between the electrotonic states and the functional 
increase or diminution of nerve activity characteristic of patholo- 
gical states. We have no right to infer that the production of an- 
electrotonus for instance, can have such an influence upon nervous 
nutrition as to become curative in such widely different conditions 
as neuralgia and spasms. Finally, we may remark that the 
" catalytical " influence of the current is probably of more impor- 
tance therapeutically than its electrotonic effects, and we have no 
grounds to assume that there is any specific difference between 
the action of the two poles from this point of view. So far as we 
know the successive action of the two poles upon the tissues to 
be influenced in their nutrition is more energetic than that of 
either pole alone. 

Thus we see that the " polar " method of treatment rests upon a 
very slender theoretical basis; does it stand the test of experience ? 
If we take up the works of various authors we find that there is a 
pretty general consensus with reference to the cases where the cur- 
rent has done good and where it has failed. Now, as we have just 
said, some are in the habit of treating upon directional, others upon 
polar, principles ; and it is easy to see that frequently enough the 
negative pole according to one method has to be applied where 
the other method indicates the positive pole, and vice versa. If 
then, in the majority of cases at least, either pole may be applied 
with equal chances of success, we do not see that the polar method 
has more practical than it has theoretical probability. Such are the 
objections which the sceptical observer might raise against the 
polar method of treatment, and that they are not devoid of a cer- 
tain weight is shown in that Erb himself in his recent work, though 
a warm supporter of the polar method, fully recognises the impos- 
sibility of basing upon it a complete system of electrotherapeutics : 
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the latter must for a long time to come rest upon an empirical 
foundation. 

I think that on the whole, the polar mode of treatment has not 
justified the claims of Brenner to have established a physio- 
logical method; though I am prepared to admit that there 
are some facts on record which prove the occasional therapeutical 
differentiation of the two poles. But there is another aspect of the 
question which is not to be overlooked. From a physical point of 
view, the polar (or rather unipolar) method frequently offers a great 
advantage over the directional (or bipolar) method. The first con- 
dition to fulfil in electrisation is to reach the organ to be influenced 
with a current of sufficient density. Now, as we shall see presently, 
this in many cases is best effected by placing only one electrode 
over it, whilst the other lies at a distance. 

Hence the unipolar method, in the restricted sense just given to this 
expression, deserves acceptance as the usual mode of applying the 
current for therapeutical purposes. But we may go one step fur- 
ther and in order to acquire methodical habits in the medical appli- 
cation of electricity — without which much time and labour are sure 
to be wasted — and in view of reaching the ultimate settlement of 
this and other questions, temper the rules of procedure derived from 
physical and empirical data with a judicious admixture of physio- 
logical hypothesis. We cannot do any harm, if we gain no signal 
benefit, by observing up to a certain point the polar dictum, and ap- 
plying the positive pole to those parts where an anodyne or sedative 
effect is desired, the negative where an excitant is needed — especi- 
ally if we keep in mind the purely theoretical grounds upon which 
we act, and know when to depart from the routine. Whenever the 
expected results do not follow the influence of the theoretically indi- 
cated pole, the contrary pole is to be tried. Whenever, also, the 
" catalytical " effects of the current appear to be promising, the 
alternate influence of both poles is to be exerted upon the suffering 
part not by sudden reversals of the current (voltaic alternatives), 
however, but by the gradual removing of one pole, and the gradual 
bringing into action of the other. In other cases the choice of the 
"active" pole may become a matter of convenience, as for instance 
when the skin is very sensitive. The positive pole may then be 
used, whilst the negative in the shape of a large plate, is connected 
with the "indifferent" electrode. 

To sum up : the position of the poles in therapeutical applications 
is to be governed chiefly by physical principles; it must be such as 
to secure the most complete permeation of the organ or tissues to 
be influenced by the current. Whenever the unipolar method an- 
swers this purpose best, it has to be used, apart from any theoreti- 
cal views of polar action. 

We shall have the opportunity further on of defining the indica- 

* In physiology the term " unipolar excitation " is used in a somewhat different 
meaning it is true. I prefer the term unipolar to that of polar becauie the latter 
implies the physiological theory which has so little to do in therapeutics; the 
word "unipolar" conveys nothing more than that one electrode only is applied 
to the part to be influenced. 
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tions for the use of the bipolar method ; for the present the general 
statement will suffice, that no "directional" hut only physical rea- 
sons must influence us in adopting it. When the two poles rest 
upon the diseased part it is obvious that the electrotonic influence 
of the current is out of the question ; catalytical or alterative 
effects can alone be thought of, and then the two electrodes must 
be made to alternate their polarity by gradual current reversals. 

CHOICE OF CURRENT. 

The golden rule that " the patient has to be treated, not the dis- 
ease" applies to electrical as well as to all other forms of therapeu- 
tical methods. Still there are certain general empirical principles 
from which we cannot depart without committing serious mistakes 
in the curative applications of the current. Certain general lines 
of treatment have to be followed, and a certain unity of procedure 
respected among the many modifications required in special in- 
stances. It often happens that one has to feel one's way in the 
search for the most effectual mode of electrisation ; but experience 
has shown what mode answers best in the majority of cases of a 
certain type, in neuralgia, for instance, in atrophic paralysis, and 
the like. It is, therefore, only when such a mode has proved use- 
less after a fair trial in a particular case that one is justified in re- 
sorting to other modes in the hope that they may prove successful. 

Though apparently a simple task, it is sometimes far from easy 
to formulate definite indications as to which current, and which 
mode of application of either is to be preferred, in many of the 
various disorders amenable to electricity. The physical differences 
between faradism and galvanism are immense, their physiological 
effects very distinct, and yet their therapeutical results in certain 
cases equally certain. Generally speaking whenever excitation 
of sensory or motor nerves is required, faradism is the best means 
of obtaining it. Thus in the treatment of anaesthesia, or for pur- 
poses of counter-irritation, dry faradisation with the wire brush 
has to be resorted to. Again, when powerful contractions have to 
be provoked, as in certain forms of rheumatism and old joint dis- 
ease, the induced current, with moist electrodes, is indicated. On 
the other hand in the majority of spasmodic, neuralgic conditions, 
and the like, galvanism is alone of any service. In atrophic para- 
lyses the faradic is inferior to the galvanic current. 

By using sufficiently powerful galvanic currents and interrupting 
them sufficiently rapidly we may obtain effects very similar to those 
of faradism. But the latter has the inherent advantage of being 
generated by apparatus of a much more compact and simple struc- 
ture than the galvanic ; so that though a galvanic battery has a far 
greater scope in therapeutics and might be made to do all that is 
ever wanted, yet on the grounds of convenience, the faradic cur- 
rent will always preserve its place as an agent for treatment as 
well as diagnosis. 

The dictum " use whichever current produces the best muscular 
contractions" is based upon the erroneous assumption that the calling 
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forth of muscular contractions has, per se, a great therapeutical 
virtue. It is true that as just remarked the galvanic current is of 
greater use in atrophic paralyses than the faradic whose exciting 
effect is lost in degenerating muscle. But this superiority is not 
so much due to the muscular contractions which may be provoked 
by the galvanic current in such cases, as to its deeper effects upon 
the circulation and nutrition of tissues. The common mistake that 
the good done in a case of paralysis is proportional to the amount 
of " artificial gymnastics " through which the muscles have been 
put, is strongly to be deprecated. It has often been said that such 
gymnastics prevent wasting of the muscles and keep them in a 
fit state for the time when nature has cured the primary lesion, and 
the impulse of the will again reaches them. Such a view is entirely 
opposed to our present knowledge of the matter; for in such cases 
where the muscle reacts normally, no wasting occurs even after 
years of inactivity ; whereas in degenerating muscle, experience 
shows that no amount of galvanic stimulation prevents the down- 
ward process, which lasts until the trophic influence of the spinal 
grey matter again makes itself felt through the regenerated nerve. 
It is possible that some "artificial gymnastics" may at this period 
become a factor in the undoubted results obtained from electrisa- 
tion under such circumstances, when, left to nature, the patient 
usually makes but an incomplete recovery. 

In the numerous cases where no definite indication exists for one 
of the currents to the exclusion of the other, both faradic and gal- 
vanic currents may with advantage be used alternately, or better 
still conjointly as described under the heading of galvano-faradisa- 
tion. 

POSOLOGY. 

The measurement of electrical quantities used for therapeutical 
pui poses, in other words the dosage of electricity, is a subject 
which, though still involved in much uncertainty and doubt, re- 
quires the careful attention of the physician. Clear ideas as to the 
principles which determine the flow of electricity under various 
conditions will not, it is true, supply the want of clear indications 
as to the strength and duration of the current to be used, but they 
will remove the misconceptions and errors so prevalent in electro- 
therapeutical writings, and prepare the way for more rational 
modes of action. 

The usual method of prescribing a current of so many cells 
cannot, unfortunately, be altogether eliminated from practice on 
account of the difficulty in obtaining measuring instruments ; but 
every one who has obtained a fair understanding of the facts de- 
scribed and illustrated in the first chapter will feel how unsatis- 
factory it is. 

Even the expressions 'very weak, weak, moderate, strong, and very 
strong, (see pp. 15, 31, etc.) used to designate currents of known 
absolute strength, though they eliminate the enormous fallacies 
arising from leaving out of sight the variable electromotive forces 
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and resistances, must be taken in a very general sense indeed, and 
with reference to the average current-strengths used in medicine. 
They leave out of sight two important conditions which regulate 
the employment of electricity in individual cases, viz., the parts to 
which the current is applied, and the areas of the body- surface 
which form its point of entrance and exit. Thus, for instance, a 
" weak " current will usually be found too energetic when applied to 
the eye; and will cause much more pain when applied by means 
of a fine electrode than does a "very strong" one applied through 
electrodes of very large size. 

Hence it must be understood that the expressions strong, weak, 
and the like, when applied to medical currents have no reference 
to their physiological effects or to the therapeutical aspect of the 
question. It is necessary that the spots of application and size 
of both electrodes should be indicated before any statement con- 
cerning- the strength of current can have any meaning, beyond 
their effect on the galvanometric needle, as defined above. 
Throughout this chapter they are used in this limited sense 
only. 

There is yet another consideration which makes an accurate 
electrical posology a matter of great difficulty: in electrisation 
it is usually only that part of the current which reaches the dis- 
eased structures which can be considered as having a curative 
influence. Now from what we know of the behaviour of currents 
in complex conductors — of their diffusion in the human body, for 
instance — it is obvious that this factor must introduce much un- 
certainty in all data on which we might base a generalisation. 
The only means of acquiring- some precision in dealing with the 
subject is to combine a clear notion of absolute current-strength 
with rational methods of applying the electrodes. The latter point 
will presently be touched upon more in detail. 

Finally, the universal habit, which has hitherto prevailed among 
writers, to express electrical doses in terms of cells of unknown 
strength makes all past experience of but small avail for the fram- 
ing of a posology. 

The quantity of electricity sent through the body depends upon 
two factors : the strength of the current used, and the time during 
which it is allowed to flow. One unit of electrical quantity (am- 
pere) will have been administered, whether we have used a cur- 
rent of I, 10 or 50 milliamperes during 1000, 100, or 20 seconds 
respectively. Is it indifferent to use a weak current for a long 
time or a strong current for a short time? Certainly if the chemi- 
cal (electrolytical) effects of the current on the tissues alone are to 
be taken into account from a therapeutical point of view. Not so 
if its physiological effects come into play ; for we know that not 
only there are limits to the excitability of the irritable tissues but 
also that the results of strong- and weak excitations are frequently 
different, or even opposite. Now the therapeutical value of the 
current depends at least as much upon its influence upon the vital 
process of the tissues as upon their chemical constitution. There- 
fore the strength and duration of electrical application cannot be 
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a matter of indifference. At the same time the ignorance in which 
we are still, as to the very complex conditions which determine the 
curative results obtainable from electrisation compel us to forego 
any a priori views on this subject and rely solely upon the data of 
clinical experience. 

Now it is the unanimous opinion of all authorities that in the 
immense majority of cases everything electricity is likely to do is 
to be obtained by the application of moderate currents for a 
moderate time and repeated at intervals. In certain cases, how- 
ever, "continuous electrisation," that is to say the application for 
long periods of very weak currents, appears to be beneficial. 

We shall presently describe the methods of electrisation in de- 
tail, and discuss their rationale and the indications for their use. 



CHOICE AND POSITION OF ELECTRODES. 

The most ridiculous blunders are being constantly perpetrated 
by men learned in physic, but ignorant of physics, in their applica- 
tion of currents to patients. The old notion that electricity is a 
fluid to be poured into the organism is, if not openly professed, at 
least still too commonly acted upon. The fact that the current has 
density enough to exert any action near the electrode only, is too 
often ignored. The old mode of torture by putting a copper 
cylinder in each hand and sending tremendous shocks through the 
arms is, to my knowledge, still too often inflicted by doctors upon 
unfortunate patients for the relief of neuralgia, paraplegia, and 
many other such disorders. I have heard lately of a case of mye- 
litis in which the application to the soles of the feet of the electrodes 
of a weak galvanic battery, was stated to have effected a cure! 

The question is sometimes asked: " Is it not indifferent to apply 
the current anywhere with a large or a small electrode provided 
that the quantity of electricity be the same? Why should not this 
quantity be administered in the form of a galvanic bath instead of 
through a plate or disk ?" The action of a given current is propor- 
tional to its density ; there is no more resemblance between the effects 
of it when distributed over the whole surface of the body, and when 
applied to a limited area, than between the effects of a certain 
amount of heat diluted in the water of a bath or concentrated upon 
a definite region by means of a poultice. The size and position 
of the electrodes, that is to say, of the points of entrance and exit 
of the current, are therefore essential factors in the therapeutical 
dosage of electricity— which is not a fluid to be poured into the or- 
ganism like so many ounces of a mixture, but rather an influence 
to be brought to bear with a definite intensity upon a definite por- 
tion of the organism. 

Our object in applying therapeutically the current to the body 
being, we repeat, to act in a definite manner upon certain diseased 
structures, the main physical conditions to be fulfilled are, that the 
current be of such a strength, the electrodes of such a size and 
shape, and in such a position on the surface, that those structures 
be permeated by a current of the desired density. It behoves us 
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then to be perfectly clear as to the principles stated in the first 
part of this book, (pp. 40 to 48) and which should guide us in 
carrying out these indications. 

We subjoin here a number of rules designed to illustrate those 
principles in their application to practice: — 

1. When it is desired to concentrate the effect of one pole upon 
a small superficial structure, such as a nerve or motor point (e.g., 
in diagnosis), the electrode applied over it must be small. The 
other electrode, of large size, is placed upon a distant part of the 
body, (fig. 79). 

2. When a deeper organ, such as the bladder, or a portion of 
the spinal cord, or of the brain, has to be reached from the surface, 
a large electrode, of appropriate shape (elongated in the case of 
cord), is to be applied to the surface over the organ. The other 

Fig. 84. 




In this and the following figures, the areas of greatest current density are re- 
presented by full lines. The dotted lines show where the diffusion makes the cur- 
rent physiologically inactive. — In fig. 84 a very large electrode is placed on the 
sternum, and a large one over the vertebra;. The density is proportionally 
greater under the latter, (cf. fig. 30). Their relative position, opposite one an- 
other, ensures that the spinal cord be in the area of greatest current density. 



electrode, of large size, is placed on the opposite side of the body, 
so that the organ be in the straight line joining the two electrodes, 
(figs. 84, 88). 

3. An elongated organ of relatively large diameter, such as the 
cord (1) may be included between two large electrodes, by placing 
one over each extremity (bipolar method), and using a strong cur- 
rent so as to ensure the circulation through it of derived currents 
of a certain density (fig. 86) ; or (2) may be brought successively 
and by segments under the influence of one pole (unipolar me- 
thod) : one electrode, of large size, is gradually drawn and al- 
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Fig. 85. 



Fig. 86. 





These figures show the necessity of placing the two electrodes (on the bipolar 
method) sufficiently apart, to allow derived currents to reach the organ to be in- 
fluenced when the latter lies at a certain depth below the surface. 

lowed to rest at several points along its whole length whilst the 
other is resting over one extremity of it, or better still on the oppo- 
site side of the body, (fig. 84). 

4. When an articulation or segment of a limb, etc., has to be 
submitted to the influence ol the current, two electrodes, each 
of sufficient size to cover an aspect of the part, are to be placed 
upon it opposite one another so as to secure its complete per- 
meation, (compare fig. 88). 

5. The electrisation of muscular masses is to be effected by 
placing upon them two electrodes of appropriate size, very large 
for the trunk muscles, large for the femoral or lumbar, medium for 

Fig. 87. Fig. 88. 





These two figures show by cross lines the areas of current density (i.e. of effica- 
city), when the°electrodes aie placed on the same aspect of the body and on oppo- 
site sides of it. 
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the arm and legf ; or by fixing- one large electrode to a convenient 
part of the body and successively bringing the whole surface of the 
muscles under the action of medium-sized electrode ("labile" me- 
thod). 

6. When very deep organs, such as the pelvic and abdominal 
viscera are to be influenced, two very large electrodes (with corre- 
spondingly powerful currents) must be applied so as to ensure that 
the particular part affected be in the area of greatest current 
density; viz., in the straight line joining the two electrodes. 



PRACTICAL REMARKS ON ELECTRISATION. 

Our electrical posology is subject, we repeat, to the same restric- 
tions as the dosage of internal remedies; the idiosyncrasies of 
patients often make it imperative to depart widely from the quanti- 
ties empirically laid down as indicated for the treatment of an 
average case of their complaint. Personal experience and medical 
tact alone can guide the physician's judgment in such circum- 
stances. As a general rule, very strong and painful currents are 
not desirable. They often do more harm than good. At the be- 
ginning of a treatment, especially, great caution must be exercised 
in order not to "over galvanise." In our anxiety to cure quickly 
we often are tempted to err in this direction. Whilst some pa- 
tients recoil at the very sight of the electrodes, not a few are under 
the impression that the more severe the ordeal, the more good it 
will do them and urge us to act in consequence. The silent action 
of mild galvanic currents is often rapidly successful where violent 
shocks and tetanising faradisation would prove disastrous. 

With reference to the frequency of electrical applications, it is 
generally considered that one daily is usually required ; in very 
chronic cases one, two, or three times a week may prove sufficient. 
It is only in certain cases of neuralgia and the like that they need 
be more frequent. The best rule to follow is to repeat the appli- 
cations at sufficiently near intervals to obtain a cumulative action, 
so to speak. 

We have two chief indications to direct us in the selection of the 
parts to which the electrodes are to be applied, viz : — the localisation 
of the disease, and that of the symptom. Thus in paralysis from 
cerebral or spinal lesions, it is found that both the nerve centre 
itself, and the paralysed nerves and muscles, may be beneficially 
influenced; and let us mention here, that for central applications 
the galvanic current alone is admissible, since our object is not 
to excite nerve action, but to modify nutrition by the so-called 
" catalytical " effects of the current. When applied to the peri- 
pheral organs, in the case of a central lesion, electricity can only 
act by a centripetal or reflex influence upon the centres, unless 
there be peripheral trophic changes, as well as paralysis, when 
local applications may reasonably be supposed to assist the 
natural processes of regeneration. Similar considerations hold 
when the symptom to be relieved is pain or spasm. If we know 
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the actual seat of the primary disturbance, we must by electricity 
(or otherwise) attempt directly to correct the latter ; but the symp- 
tomatic treatment should never be neglected, for it often proves 
when used alone of the highest benefit, even in cases where the 
symptom is of undoubted central origin. 

In certain constitutional diseases, or when there exists a general 
vital depression of nervous or other origin, it is often useful to 
bring under the electrical influence the whole, or the greater part, 
of the body. The methods of " general electrisation," applied of 
late with so much success as an adjunct in the Weir-Mitchell plan 
of treatment of hysteria, are to be considered as tonifying mea- 
sures, calculated to stimulate the functions and nutrition of the 
neuro-muscular system ; the galvanic current being used for in- 
fluencing the cerebro-spinal axis, the faradic current for stimulat- 
ing the skin, nerves, and muscles.** 

It should not be forgotten that it is not so much "electricity" 
which cures as " electrisation," that is, the rational and skilful ap- 
plication of electricity. The often-used expression "trying elec- 
tricity" conveys about as much meaning as might that of " try- 
ing water" — without specifying whether the water is to be hot 
or cold, in the shape of ice or steam, applied externally or inter- 
nally, and so forth. As the soothing influence of a hot bath, for 
instance, differs from the exciting action of a cold douche, so does 
the sedative influence of a mild, continuous galvanic current differ 
from the stimulating effect of an interrupted or faradic current. 
Where the one is beneficial, the other may be useless or hurtful. 

It is certain that in many cases the patient injudiciously treated, 
has, besides suffering much unnecessary pain, found his symptoms 
aggravated ; the fault lay then, not so much with electricity, as 
with the electriser. Every one who prescribes or applies electri- 
city must pay the same attention to the administration of this 
powerful agent, both as to quantity and mode of application, as he 
would to that of any other therapeutical means. 

It may be put down as a general rule, that whoever wishes to 
apply electricity rightly to others, should have first tried it upon 
himself. This practice of experimentation upon oneself, teaches 
far more quickly and surely than anything else, both what to 
avoid, and what to do in order to be a successful operator. It is 
indeed difficult to understand how galvanism and faradism can be 
intelligently, painlessly, and even sometimes safely, applied by one 
who has no personal experience of the effects and sensations pro- 
duced by the currents. A general idea of the art of electrisation is 
very speedily obtained by a few personal trials and experiences. 
The different sensibilities of different parts of the body, the motor 
points of muscles, the mode of applying the rheophores to the skin, 

• Much attention has lately been bestowed upon the value of dry faradisation 
(with the metallic brush) in certain lesions of the nerve centres. Should the re- 
sults already published be confirmed by ulterior researches the practice of electro- 
therapeutics would be enriched with a valuable acquisition ; whilst its theory 
would receive important confirmation with reference to the part played by reflex 
action in peripheral electrisation. 
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of graduating the current, etc., are by these means vividly realised 
and readily mastered. The numerous details in the application of 
electricity conducive to the comfort of the patient and efficiency of 
the treatment, can be learnt by experience only, and above all by 
personal experience. The sedulous practice of the experiments 
described in chapter II, will be found very useful owing- to the 
familiarity with the manipulation of electrotherapeutical instru- 
ments which will be thereby acquired. 

Avoid all unnecessary pain. The seat of pain is chiefly in the 
cutaneous nerves, and it will be found that where a strong current 
must be used, the application will be much less painful if the tho- 
roughly moistened electrodes are held firmly pressed upon the skin; 
the more lightly they touch the surface, the more intolerable the 
sensory excitation. In nervous or thin skinned patients, in children, 
and whenever the head and neck are to be electrised, it will be 
found advisable to place the rheophores in situ before the current is 
turned on ; and then to bring it very gradually up to the desired 
strength. Likewise at the end of the sitting it is best not to re- 
move the electrodes suddenly, but gradually to diminish the current 
so as to avoid an unpleasant shock. It is a good policy with chil- 
dren and nervous people whom (at first especially) the very contact 
of the electrodes agitates, to wait a short time before turning on 
any current at all. Remember that neither the number of cells, 
nor the sensations of the patients are reliable guides as to the 
strength of the current flowing at any time. The galvanometer 
alone gives absolutely certain and definite indications. 

Habit not only makes patients more confident, but enables them 
to bear stronger currents comfortably. Electricity in this respect 
is like many other therapeutical agents. In fact it is often neces- 
sary to increase the doses as tolerance becomes established. The 
skin, however, never gets accustomed to the chemical action of the 
current; and though the patient may not complain, unpleasant 
eschars are sure to follow too strong or too prolonged applica- 
tions — especially if imperfectly covered or too small electrodes 
are used. 

Whenever the electrodes are to be applied with the current 
already turned on, it should be made an invariable rule by the 
beginner to try it on his own hand, or face, as the case may be", 
before touching the patient, so as to avoid the danger of sudden 
shocks mentioned previously, (p. 83). 



GALVANISATION. 

There are three methods of applying the galvanic current, ac- 
cording as we wish to obtain its sedative, alterative or catalytical 
influence only, or combine the latter with its excitatory effects. 

With the former object in view the current is made to flow con- 
tinuously and steadily through the part affected. This method of 
applying it has been distinguished by Remak as stabile. In order 
to avoid shocks at the beginning and at the end of the application, 
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the current must be gradually made and broken. For this pur- 
pose the best plan is first to apply the electrodes to the body, then by 
means of a proper collector (dial or sledge) to bring up the cur- 
rent to the desired strength. The collector ought to take not more 
than two cells at a time, and the switch moved gradually up to 
the full number of cells required. At the end of the sitting, like- 
wise, the current is gradually taken off by returning the switch to 
zero. During the whole of the application the electrodes are to be 
kept firmly applied. These precautions are especially needed 
when the head and neck have to be galvanised. Nervous patients 
generally require this careful handling ; for sudden jerks and in- 
terruptions are apt to upset them and make them dread the appli- 
cations. A vivid shock produced by abruptly removing the 
electrodes tends also to destroy the sedative effect which con- 
tinuous galvanisation is usually intended to secure. 

When the battery has no proper means of graduation, and is 
fitted for instance with a simple pin and hole collector, stabile 
galvanisation may be secured by the following manipulation. Fix 
the rheophores so as to include the number of cells required ; 
apply one of the electrodes in situ. Then with the other electrode 
complete the circuit by gradually applying it to some thick skinned 
or hairy part near the spot where it is intended to rest, and draw 
it slowly along until it rests upon that spot. For instance, if the 
face has to be galvanised, fix one pole to the back of the neck and 
apply the other over the hair above the temple and thence move it 
with gentle but steady pressure on to the skin, over the seat of the 
mischief. Repeat the process in the inverse order when the cur- 
rent has to be removed. 

We have said that the current is sometimes used continuously 
for many hours, (p. 153). In former days this was the most popular 
method of electrisation, and used to be carried out by means of 
galvanic chains, bands, or belts, the survival of which at the pre- 
sent time is testified by advertisements in the daily papers, and the 
occurrence of eschars on the bodies of the believers in their virtues. 

Continuous galvanisation is best effected by applying to the de- 
sired spots two well padded metallic plates, (p. go), connected 
with two or three portable cells (small Leclanche or chloride of 
silver). 

The labile method forms a transition between the stabile just 
described and the next. It consists in keeping one pole applied to 
one point, whilst the other is used for " sponging " the diseased 
limb, or portion of the body. This is effected by passing the elec- 
trode all over the surface to be acted on, with a moderate amount 
of pressure. Without necessarily producing any marked muscular 
contractions, labile applications are much more stimulating than the 
stabile. The circuit is not actually broken at any moment, but the 
current being densest in the part immediately beneath the electrode 
acts with an always changing energy upon the underlying muscles. 
The amount of muscular contraction produced by labile applica- 
tions depends as much upon the rapidity of the motion, as upon the 
strength of the current used. It is obvious that the shifting polar 
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zone under the electrode must necessarily act upon tissues which 
were just before under the influence of the peripolar influence of the 
opposite electrical sign (fig's. 78, 79), and hence must be in a state 
of increased excitability as mentioned above, owing 1 to the after 
effects of that polarisation. The " labile" method therefore owes 
part of its exciting- influence on nerve and muscle to the effects of the 
mild voltaic alternatives to which it gives rise in the tissues. Labile 
currents are indicated where, in addition to the chemical action of 
the stabile current upon the deeper structures, we wish to call forth 
moderate contractions of all the muscles, and increase the cutane- 
ous circulation over a wide area, and generally stimulate the nutri- 
tion of a limb. 

There are two ways of using the interrupted galvanic current. 

One of the poles is held immovable on one point of the body, 
whilst the other is dabbed over, or made to touch repeatedly, the 
skin of the part to be stimulated. 

Or the two poles are both kept in contact with the skin, whilst 
the interruptions are made in the metallic part of the circuit by 
means of one of the contrivances we have described. When 
strong currents are to be used, the latter method must be preferred, 
being much less painful. It is the only reliable one for obtaining 
accurate results in electro-diagnosis. The interrupted current is 
stimulating, and is chiefly used for causing contractions of the mus. 
cles. The negative pole is to be applied over the muscle to be 
stimulated, being much more active than the positive, at least 
when the muscle is healthy. 

Interruptions are never to be used about the head and neck 
without caution ; giddiness, nausea, flashes of light are sometimes 
very easily produced, to the great discomfort of the patient. 

When, the two poles being held in contact with the patient's 
body, the direction of the current is suddenly reversed by means 
of the commutator, the effects produced are much more powerful 
than those obtained by mere interruptions of the current, (see 
p. 107). 

"Voltaic alternatives," as such current reversals are called, are 
indicated where a still more stimulating application than interrup- 
tions is required, and a corresponding degree of caution must be 
exercised in their use. 



FARADISATION. 

The subject of faradisation falls under two heads, according as to 
whether it is the skin or the deeper seated tissues that are to be 
acted upon. 

Faradisation of the skin.— When we wish to localise the effect in 
the skin, it is necessary first to dry it thoroughly. This is best 
done by means of some toilet powder. The electrode used must 
be metallic, either in form of a solid cylinder, or of a wire brush, 
connected to the negative pole of the secondary coil (fine wire). The 
method is as follows: connect the positive pole to an ordinary moist 
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electrode placed upon a distant part of the body, in the hand for 
instance, or on the back, or sternum ; then lightly pass the metallic 
electrode over the dried skin, graduating- the current so as to pro- 
duce a lively crepitation, due to the passage of sparks between the 
skin and electrode. The current, however, must not be strong 
enough to produce any contractions of the underlying muscles. 
When not used for anaesthesia this mode of procedure is necessarily 
somewhat painful. When sensitive patients, or sensitive parts of 
the body, such as the face are to be so treated, it is advisable to 
use the hand instead of a metallic rheophore. The operator then 
takes the negative pole (moist) in his left hand, and with the back of 
his right hand, dried and powdered, strokes gently the patient's skin. 
The same crepitation is heard ; and if the current is properly gradu- 
ated, the sensation to both parties is rather pleasant than otherwise. 
Faradisation of muscles and nerves. — When faradism has to be ap- 
plied directly to the muscles through the skin (with well moistened 
electrodes), the easiest way is to hold the two handles in the right 
hand, the one between thumb and index, the other between middle 
and ring fingers, the upper end of the handles resting in the palm. 
The left hand is used for the graduation of the current, a most impor- 
tant point to be attended to, since different muscles require different 
current-strengths to react fully, and different parts of the body 
vary greatly in sensitiveness. A current well borne on the back of 
the forearm, for instance, will cause pain if applied to the front; 
bony prominences are very sensitive. The two electrodes are 
then passed up and down over the whole surface of the muscle, 
so as to ensure the thorough contraction of all its constituent bun- 
dles. We have already observed that in the case of many muscles, 
there is one or more points where the effect is much more marked, 
and that when one of the rheophores is upon it, the muscle is thrown 
at once into a general and powerful contraction ; such points — the 
" motor points" — of the muscles correspond to the points of entrance 
of the nerves. The knowledge of these points, therefore, enables 
us to obtain the maximum effect with the minimum current strength 
and with the smallest amount of pain to the patient. When a 
whole limb or group of muscles has to be faradised we may con- 
veniently use the " labile" method, as described under galvanisa- 
tion; one pole is connected with a large electrode held immoveable 
over some distant part of the body, whilst the other is attached to 
a mounted carbon disk, with which the surface of the part is 
sponged or stroked with slow movement and firm pressure. The 
size of the electrodes must be small for the localised faradisation 
of single muscles, motor points, and nerve trunks ; large for the 
excitation of flat muscles or groups of muscles. Thick wire coils 
are necessary for exciting large muscular masses, the abdominal 
organs, etc., for the reason indicated at page 75. 

Faradisation of nerve trunk is resorted to mainly for inducing 
contractions in groups of muscles; or of muscles not to be excited 
directly. We thus raradise the phrenic and posterior thoracic 
nerves in the neck for stimulating the action of the diaphragm and 
serratus magnus. The method to be used here is that described as 

M 



l62 GENERAL ELECTRISATION. 

the unipolar (p. 147), one electrode being- placed at a distant part of 
the body, the other on the motor point. 

Faradisation of special organs will be found described in the 
special part under the different diseases where it is applicable. 
The various forms of electrodes necessary for this purpose are 
shown in the chapter on apparatus, (p. 92). 

GENERAL ELECTRISATION. 

Under this head we include central galvanisation, general fara- 
disation, and electric baths. 

Central galvanisation consists in bringing the whole cerebro- 
spinal axis under the influence of the current. The negative pole 
being held stationary over the pit of the stomach or the sacrum, the 
positive pole is held first upon the forehead and vertex, then along 
the course of the sympathetic and pneumogastric in the neck, lastly, 
upon the cervical, dorsal, and lumbar regions of the cord succes- 
sively. Here, as usual, a very caretul graduation of current 
strength is needed during the application to the head and neck. 
Strong currents may usually be applied to the spine without fear. 
The duration may extend to 2 minutes to the head, 4 to the neck, and 
10 to the spine. Central galvanisation is indicated in cases of 
general nervous depression, of nervous insomnia, etc., and is useful 
as an adjunct to local modes of treatment. 

General faradisation consists in sponging the whole, or the greater 
part of the body with one electrode, whilst the other is held in situ 
on some insensitive part of the body, sternum, sacrum, etc., or fixed 
to a copper plate upon which the soles of the feet rest. The diffi- 
culty of the application lies in the proper regulation of the current 
necessary to stimulate fully, without causing actual pain, the dif- 
ferent parts over which the sponge is being carried ; this is best 
learnt by experiment upon oneself. 

General faradisation by its action upon the muscular system pro- 
motes tissue change and nutrition. It braces up the system, and 
promotes circulation, as evidenced by a rise of temperature sensible 
to the thermometer. It is indicated in constitutional states where 
the vital processes are depressed, in hysteria, anasmia, dyspepsia, 
etc., and whenever the artificial muscular exercise it gives is likely 
to assist other modes of treatment. Where there is " irritable 
weakness " it should be used with caution, on account of the over 
excitation it is liable to produce. The application is to last about 
10-15 minutes, or longer, special attention being paid to the thorough 
stimulation of the muscles of the neck and back. 

The electric bath has been extolled for its manifold virtues. 
Much has yet to be done before its efficacy can be satisfactorily 
established; one point is certain, however, and that is the useless- 
ness of the bath for local diseases. Both galvanic and faradic 
baths consist in immersing the patient in an ordinary warm bath 
through the water of which the current is sent. One question 
obviously arises : how much electricity penetrates the skin and 
actually passes through the body? This has never been answered 
by actual experiment. We shall only remark here that the usual 
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method of putting- salt or acid in the bath is a blunder, since the 
greater part of the current is thus derived through the water which 
thereby becomes a better conductor than the body. 

_ An easy method of practising- general faradisation by the patient 
himself, is to put the positive wire in the water of an ordinary hip 
or other bath in which he sits, and connect his sponge with the 
negative. If the coil is not strong, salt water must be used. The 
sponge is then carried over the whole surface of body ; in order to 
prevent the current from flowing through the hand holding the 
sponge the latter should be held with an insulating glove made of 
some india-rubber sheeting or tissue. This simple application 
will be found a very useful substitute for the faradic bath. 

GALVANO-FARADISATION. 

Under this name I have introduced into electrotherapeutics a method 
of treatment which I have been in the habit of using for the last few 
years. It consists of uniting the secondary induction coil and 
the galvanic battery in one circuit, by connecting with a wire the 
negative pole of the one with the positive of the other, attaching the 
electrodes to the two extreme poles, and sending both currents 
together through the body. The current alternator and combiner 
described above enables the operator to unite the two currents with 
the greatest ease (p. 95). 

The effects of the faradic current are greatly enhanced by a 
simultaneous galvanisation, because the points upon which the 
stimulus falls are in a state of exalted excitability or katelectrotonus 
(see page 1 1 1). Owing to the "refreshing" properties of the gal- 
vanic current upon muscle, the fatigue and exhaustion which might 
otherwise be the consequence of energetic faradisation are avoided. 

Galvano-faradisation also effects an obvious saving of time in the 
numerous cases where both currents are indicated. 

The future will show whether the simultaneous use of the currents 
has any advantage which cannot be obtained by their separate ap- 
plication. For the present we have not sufficient experience to 
decide this question ; but were it upon grounds of convenience only 
galvano-faradisation must be warmly commended, when for instance 
strong contractions are desirable, or contractions of large and deep 
muscular masses. Electrisation of the abdominal organs is best 
carried out by its means. Wherever faradisation alone is likely to 
do good, galvano-faradisation is likely to do at least as much if not 
more. When a weak induction current only is at our 'disposition, 
the simultaneous use of galvanisation makes up for the deficiency. 
My own experience of the method in various rheumatic conditions, 
in atrophic paralysis, etc., has hitherto been very favourable. 

With reference to the strength of each of the component currents 
in galvano-faradisation, it may be said that, as a rule, that number 
of cells which would be used for each case, if galvanism alone were 
applied, is to be employed. The faradic current is graduated ac- 
cording to the amount of muscular contraction or sensory stimula- 
tion desirable. 

m 2 
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SUBAURAL GALVANISATION. 

Under the title of " galvanisation of the sympathetic," there has 
been and is being- accumulated a large amount of that kind of litera- 
ture vihich has done so much to cast discredit upon the subject of 
electrotherapeutics. 15 Erroneous physics, imaginary physiology, 
fantastic pathology, are there worked by processes unknown to 
ordinary logic into a sort of mystical creed. One electrode is ap- 
plied below the ear, the other on the nape of the neck, and a weak 
current passed. Though no physiological effects, no pupillary nor 
vasomotor changes are observed, ascribable to an excitation of the 
superior cervical sympathetic ganglion — which is under one of the 
electrodes — the curaiive results, real or imaginary, stated to have 
been obtained by this procedure in numberless diseases, have been 
ascribed to the electrisation of that ganglion. It is notorious that 
the sympathetic, like all other structures whose functions are still 
surrounded with a certain mystery, has ever offered an ample field 
for the growth of pseudo scientific imaginations. The reader of 
electrotherapeutical literature knows the deplorable energy with 
which this culture has been prosecuted in this particular depart- 
ment. Still, as in the case of other delusions, there is a certain 
substratum of fact underlying the absurdities perpetrated by the 
galvanisers of the sympathetic. A sober inquiry into the cases re- 
ported and unprejudiced clinical experimentation have, I think, 
shown that the position of the electrodes in subaural galvanisation is 
favourable to the therapeutical results in many cases. It would 
not, however, be rational to imitate the example of those we have 
just condemned, and offer any theory to explain the results ob- 
tained. We may safely say that it is not the sympathetic which is 
the sole, or even the chief, channel through which the current acts 
beneficially, but we cannot on the other hand define the part played 
by any one of the numerous nervous structures reached at the same 
time by the current (base of brain, spinal cord, pneumogastric, cu- 
taneous nerves, etc). We adopt subaural galvanisation as an empi- 
rical mode of treatment, as we do for instance the application of 
various substances to the skin for the relief of symptoms localised 
in deep seated organs : to account for the effect of the latter by an 
appeal to reflex actions is to throw but a thin veil over our complete 
ignorance concerning the essential phenomena of the process. 

The methods of subaural galvanisation will be mentioned again 
in the paragraphs on the treatment of the brain and spinal cord. 
The usual method is to apply the kathode (medium electrode) 
under the ear, and a large flexible plate over the lower cervical 
and upper dorsal vertebrae. Weak current (6—14 cells) for three 
or four minutes on each side. 

* "An Electro-therapeutical Superstition," by A. de Watteville — Brain, vol. iv., 
1SS1, p. 207. The term subaural galvanisation was there proposed as a substitute 
for the offensive expression "Galvanisation of the Sympathetic." I retain it 
here the more readily that Erb (Elektrotherapie, 18S2, p. 258), recognises its 
appropriateness. 
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B. SPECIAL ELECTROTHERAPEUTICS. 

The concluding- part of this chapter is intended to illustrate the 
application of the principles exposed in the former portions of the 
book to the treatment by electricity of various morbid conditions. 
The pathology and clinical characteristics of the diseases which 
lend themselves to electrotherapeutical procedures are scarcely 
touched upon here, the reader being- supposed to have mastered 
one of the usual text-books of general medicine. The curative 
value of electricity differs greatly, even among cases of the same 
nature, according to the amount of the alteration present in the 
tissues submitted to its influence; its use must be guided by the 
same general considerations, and is subject to the same prognostic 
conditions, as that of other agents. 

HYPOKINESIS:— PARALYSIS.— PARESIS. 

The commonest symptom for the relief of which electricity is 
prescribed is paralysis, or paresis as it is conveniently named 
when incomplete. This symptom is the consequence of numerous 
morbid states, organic or functional, of the brain, cord or nerves. 
It is to be expected a priori, therefore, that the results of electrical 
treatment will greatly differ according to the seat and nature of 
the lesion which gives rise to paralysis. 

The disturbance may be functional or molecular, that is, involve 
no visible structural change in the tissues; or proceed from the 
presence of some poison in the system ; or be of an inflammatory 
or degenerative nature. Its seat may be the nerve cells and fibres 
themselves, or the connective tissue which supports them. The 
blood-vessels or membranes may be primarily at fault. Solutions 
of continuity in, or mechanical pressure upon, the nervous elements 
may be the cause of the paralysis. It is obvious therefore that in 
many cases, including all those where the destruction of nerve- 
tissue is complete and irreparable, electrisation will fail to do any 
good. In others it will come into service only after the immediate 
causal indication has been fulfilled. In the rest, finally, it will form 
the chief, if not the only means of treatment to be adopted. The 
following remarks are intended to give a general idea of the 
rationale of the so-called anti-paralytic effects of electricity, and of 
the methods of applying it for the relief of the symptom and its 
cause. 

Electricity acts in two ways: directly upon the nutritive pro- 
cesses and irritability of the tissues which are permeated by the 
current; indirectly by centripetal or reflex action upon these tis- 
sues and upon the centres which preside over their innervation. 
Its direct action is attributed to the " catalytical " and " modifying " 
influences above described (p. 147) ; its indirect action to the exciting- 
property of the current upon nervous structures. Hence an elec- 
trical treatment must consist of applications both in loco morbi and 
in loco symptomatis. 
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A. The application of electricity to the seat of lesion in 
cases of paralysis of central origin is perhaps too commonly 
neglected. It is true that we have too often but a very imperfect 
idea of those morbid processes in the nerve centres upon which the 
symptom depends, and that we have no right to assume that the 
current has any specific curative influence upon any one of them; 
still as a justification for central treatment in such cases we may 
plead our very ignorance, we may urge the poverty of our thera- 
peutic arsenal in arms wherewith to combat the enemy; and may 
also invoke the possibility of at least staying its progress by pro- 
moting nutrition of the surrounding portions of the nervous structures 
threatened by its invasion. Where a destructive lesion has oc- 
curred we may not unlikely restore the functions of some of the 
involved nerve structures which have survived, but the activity of 
which remain in abeyance, or stimulate the functions of other 
neighbouring structures suspended in some instances by sympathy 
as it were, by shock or inhibition. Finally, and chiefly, clinical 
experience seems to point to the reality of the results attributed 
to central electrisation in some cases of paralysis. 

When the lesion is situated in the course of a peripheral nerve, 

the application of electricity in loco 
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morbi is not only much more easy 
to carry out thoroughly, but its 
effects are perhaps more readily 
accounted for. It is then possible 
also to bring to bear another 
influence upon the morbid process, 
viz., that of artificial excitations 
applied to the nerve above the 
lesion. In this way it may some- 
times be possible to overcome the 
resistance encountered at that 
point by the voluntary stimuli, 
and facilitate the transmission of 
the latter (Erb.) 

B. We must carefully distin- 
guish when attempting to give the 
rationale of the treatment of para- 
lysis in loco symplomatis between 
the classes of cases which elec- 
trodiagnosis has enabled us to 
establish. In the first class the 
reactions of the nerves and 
muscles are normal, and remain 
normal as long as the primitive 
lesion (situated above the grey 
matter of the cord) remains un- 
complicated. Here the nutrition 
and conductivity of the peripheral 
organs being intact it is ob- 
vious that any result which their 
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electrisation can give must depend upon an influence extending 
upwards into the diseased centre. This influence, physiology 
teaches us, may be exerted through the channels of the sensory 
nerves ; reflex actions and the reflex tonicity of muscles are 
familiar instances of it. It has also been proved that electrical 
excitations of a peripheral nerve, the sciatic nerve for instance, 
give rise to changes in the medulla oblongata. Finally, there is 
evidence to show that the motor nerves themselves, or perhaps 
their terminal organs more particularly, exert an influence on the 
nutrition of the cord. It is therefore admissible that the modifying 
influence of the current upon the peripheral organs innervated by 
a diseased centre, sets up certain changes in that centre, which may 
account for the results obtained. Reflex vasomotor effects in more 
or less distant and deep organs follow the excitations of the surface 
of the body — the whole theory of counter-irritation rests upon their 
existence ; it is possible, therefore, that the artificial excitation of 
the peripheral motor organs and of their integuments acts upon 
their central organs of innervation by modifying the circulation in 
the latter. 

When in addition to the paralysis there are disturbances in the 
nutrition of the peripheral organs it is obvious that electrisation of 
the latter may be of use by its direct effect upon them. Such 
disturbances may be so slight as scarcely to deserve more than the 
name of " functional " arrest of nerve conductivity, or may assume 
a more definite organic character, the varieties of which are 
numerous both in kind and degree, .starting from simple hyperaemia 
and culminating into degenerative atrophy. Here the exciting, 
modifying and catalytic effects of the current may, if not explain, 
at any rate give a clue to its mode of action upon the altered and 
paralysed nerves and muscles. It is obvious however that unless 
the centrally placed lesion becomes pari passu the seat of a 
recuperative process, any local effect of the current will fail to 
bring about a restoration of the motor power. 

When speaking of centripetal or reflex action I mentioned the case 
only where the mischief was actually central. But under certain other 
conditions, as for instance when the motor paths alone are the 
seat of a morbid process it is conceivable that excitation of the 
sensory termination of the reflex arc may also have some influence 
in the restoration of the motor conductivity. Finally it must not 
be overlooked that electrisation whenever applied to the surface, 
acts upon the circulation of the underlying tissues by exciting the 
cutaneous nerves. This factor naturally varies in importance with 
the method used, and is least when simple galvanisation is resorted 
to, much greater in importance when dry faradisation is applied. 

From these various considerations, and in accordance with the 
teachings of the accumulated experience of many years' observation, 
the following general rules may be reduced. 

1. In the electrical treatment of paralysis the suffering part must 
be submitted to the influence of galvanic currents, very weak and 
stabile in the case of the brain ; stronger, stabile or labile, in the 
case of the cord or peripheral nerves. Both poles may be used 
successively. 
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2. When possible, excitation of the conducting- paths above the 
seat of lesion by means of faradisation or interrupted kathodic 
galvanisation is to be applied. 

3. Peripherally, labile kathodic galvanisation of the nerve trunks 
and muscular masses, or moderate faradisation, is to be carried out, 
when there is no trophic disturbance. Otherwise more energetic 
labile galvanisation, or galvanofaradisation is indicated; the ka- 
thode and anode being applied successively to the organs. 

4. Cutaneous excitations with the faradic brush over the seat of 
the lesion or at a distance may be beneficial. They are more 
especially indicated when the motor symptoms are accompanied 
with sensory, or depend upon central vasomotor, disturbances. 



HYPERKINESIS— SPASM. 

By hyperkinesis is meant a state of the nerve cells or fibres which 
gives rise to involuntary muscular contractions. These spasms are 
divided into clonic and tonic according as they are of short or long 
duration. Clonic spasms merge into simple tremor on the one 
hand, and into convulsions on the other; whilst tonic spasms when 
permanent are also known under the name of "contracture." 

Tremors are symptomatic of numerous conditions of the system 
at large, as well as of the nerve centres. They supervene in senile 
decay, degenerations of the cerebro-spinal axis, in asthenia, intoxi- 
cation by various substances, paralysis agitans, &c. 

Convulsions are often pathognomonic of the great neuroses, called 
functional, such as epilepsy, hysteria, etc, which will be men- 
tioned further on. We shall here consider more particularly the 
localised forms of spasm, though the remarks concerning their 
etiology and pathology, and the therapeutical indications derived 
therefrom, apply equally to all. 

The reader must be reminded that under the heading of con- 
tractures are included only muscular shortenings of neuropathic 
origin. Myopathic contractures {i.e. due to disease of the muscles 
themselves) and those arising secondarily from skeletal malforma- 
tions form a very distinct group which might be appropriately dis- 
tinguished as "muscular retractions." Contracture may be some- 
times considered as an exaggeration of the normal reflex tonicity 
of the muscles. 

The pathogeny of spasms is one of the most obscure problems of 
neurology. They are generally symptomatic of some neurosis, or 
functional disturbance of the nervous system ; and to the fact of 
morbid anatomy being silent with reference to them must be 
attributed the uncertainty which still prevails concerning the locali- 
sation and nature of their causes. Generally the centres seem to be 
primarily affected; sometimes, as in tetany, we have to do with an 
alteration of the peripheral motor paths. 

In some cases however (lateral sclerosis, secondary or idiopathic), 
our knowledge is more precise. Here the hyperkinesis depends 
upon a sclerotic process of certain motor paths, whereby the 
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inhibitory influsnce of the higher centres being - cut off the reflex 
activity of the lower ones is exaggerated ; but which also acts 
probably as a direct excitant of muscular action. 

Finally spasms appear to be caused in many instances, especially 
when affecting muscles connected with organic life, by undue reflex 
excitations of the motor centres. It is not easy however to prove 
that the result depends solely upon an excessive stimulus, and is 
not due to hyperexcitability of the nervous grey matter where the 
centripetal is converted into a centrifugal current. The starting 
point of the reflex excitation may be situated in some very distant 
organ or portion of the surface of the body. 

The main general indications for the treatment of spasm will 
therefore be, I. to find out and remove the cause ; 2. to modify the 
hyperexcitability of motor nerves or nerve centres, or rather the 
functional or molecular disturbance upon which it depends ; 3. to 
check the sclerotic or other morbid processes which may be pre- 
sent; finally, 4. where the primary cause of the reflex contraction, 
that is the peripheral stimulus which gives rise to it, cannot be dis- 
covered and remedied, to substitute for it another peripheral ex- 
citation more powerful than itself, or which will act upon the reflex 
centre as an inhibitory influence. 

It is obvious, considering, the numerous and very different morbid 
states of which spasm is symptomatic, that no one agent or mode 
of treatment is applicable to all. Electricity now and then yields 
brilliant results, but also too often fails to cure or relieve even in cases 
where previous experience led us to expect success. Like all other 
" antispasmodics" its action is uncertain, and we often have resort 
to it more on account of the failure of every other medication than 
from any positive knowledge concerning its action in this respect. 

The following methods must be tried successively, or in various 
combinations in the treatment of spasms : — ■ 

1. The nerve centres must be treated according to the methods 
indicated for paralysis, with the object of modifying their nutrition, 
whenever we have reason to believe that spasm depends upon an 
abnormal condition of the latter (see p. 174 et stq.'). 

2. Nerve trunks may be submitted to the action of stabile gal- 
vanic currents of moderate strength. The positive pole is to be 
tried first, then the negative, or both poles may be placed on the 
nerve. 

3. Nerves and muscles may be subjected to "swelling" faradic 
currents: i.e., currents slowly brought up to the maximum strength 
tolerated, and very gradually reduced again. 

4. Voltaic alternatives may be made with strong currents in the 
affected nerves and muscles. My experience confirms that of other 
observers as to the value of this method, e.g., in facial spasm. 

5. Excitation of more or less distant parts of the body or of the 
integuments over the seat of spasm are useful in the reflex variety, 
as a corrective or inhibitory influence on the centres. The centri- 
petal effects of the current described under paralysis may also be 
of use in the class of spasm due to central hyperexcitability. 

6. Secondary indications are yielded chiefly by the presence of 
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points tender to pressure, or of points pressure upon which effects 
an arrest of the spasm. Weak stabile anodic galvanisation of, or 
cutaneous faradisation over, these points (which must be diligently 
sought for, even at a distance from the seat of the symptom) may 
prove useful. 

The relaxed state of the antagonist muscles may furnish an indi- 
cation to be fulfilled by moderate faradisation of them. 

As a rule it is well here as elsewhere to try the gentler measures 
first, and failing these to proceed to the more energetic applications. 
The physician's personal experience alone will prove of any 
assistance in guiding him in the management of individual cases. 

Trismus is usually of peripheral reflex origin. When due to a 
functional cerebral derangement galvanisation of the inferior por- 
tion of the motor area (see fig. 90) would be indicated. 

Facial spasm {histrionic) is more commonly idiopathic. Simple gal- 
vanisation of the nerve and muscles may be tried, but will rarely 
be found of great use. Good results have been obtained from gal- 
vanisation of the centres. The anode (a large flexible plate) is 
applied two or three inches above the ear (see fig. 90) so as to cover 
the lower portion of the ascending frontal and parietal convolutions 
whilst the kathodic is fixed to the nape of the neck. A weak 
current (to be very gradually made and removed) is then allowed 
to past for five to ten minutes. The same application may be made 
also with the poles on the occipital region and the face respectively. 
Peripheral treatment may be alternated or combined with central, 
in the form of voltaic alternatives or swelling faradic currents 
through the nerves and muscles. Pressure points must be looked 
for over the area of distribution of the trigeminus, and along the 
cervical spine ; when found they are to be dealt with as stated 
above. 

In Blepharospasm, electrical treatment must be carried out on the 
same lines as when the whole facial nerve is involved. 

Torticollis is a spasm of the neck muscles of peripheral origin and 
usually described as a rheumatic affection. It usually yields very 
rapidly to strong faradisation of the affected parts, or to the 
application to them of a galvanic current with interruptions or 
voltaic alternatives, at least in recent cases. 

Spasmodic wry-neck is often localised in the muscles supplied by 
the spinal-accessory. Its treatment is too often palliative only. 
Galvanism should be applied (as in facial spasm) to the parietal 
and occipital regions of the head, and the various peripheral modes 
of electrisation above described brought successively into use if 
necessary. The prognosis is perhaps less gloomy where pressure 
points can be discovered ; to them the anode of a current of 
moderate strength (15-20 cells) should be applied for five minutes 
daily. 

Cramps and spasms occurring in the muscles of the arms and 
legs must be treated according to the general principles enunciated 
above. Among those affecting the respiratory apparatus may be 
mentioned hiccup, sneezing, and coughing. Erb recommends 
energetic cutaneous faradisation of the epigastrium; failing which 
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galvanisation of the throat or phrenic nerves may be tried. In an 
old standing case of excessive sneezing I was greatly astonished to 
see lasting and complete relief given by two applications of the 
galvanic current to the mucous membrane of the nose with the 
electrode shown in fig 70. 



ANESTHESIA. 

Anaesthesia depends upon a functional or organic disturbance of 
the sensory organs of reception, central or peripheral, or of those 
of transmission between the terminal structures. It may affect any 
of the special senses, or the sense of touch (skin and mucous mem- 
branes), or the so-called "muscular sense", or any of the subsidiary 
forms of sensation (temperature, pressure, pain, visceral sensations, 
etc.) 

The general principles governing the rational treatment of 
anaesthesia are the same as those stated under the head of paralysis. 
The causal indications are to be fulfilled as much as possible ; 
treatment in loco motbi must have the precedence whenever the 
lesion can be localised, though in many forms of anaesthesia the 
mere symptomatic indications and applications in loco sy?nplomalis 
are empirically found to be successful. Electrisation is more 
commonly directed against the usual forms of loss of tactile sen- 
sation, from peripheral impressions (cold, injury, etc.), or from 
certain cerebral disorders (hysteria, congestion, haemorrhage, etc.). 
According to the seat and nature of the pathological process 
which gives rise to the symptom, one or more of the following 
general indications will have to be fulfilled. Firstly, treatment in 
loco morbi to remove the cause. This is to be carried out on the 
lines laid down in the paragraph on paralysis : — Galvanisation of 
the brain, cord, nerve, or skin, so as to improve the nutrition of 
the part by the catalytical influence of the current, or to increase 
the depressed excitability of the structures. Secondly, treatment 
in loco symptomalis in order to supply artificial stimulus. Dry 
faradisation with the wire brush fulfils this indication admirably. 
It may be that such excitations act by overcoming obstacles in the 
sensory paths (cf. fig. 89) but their action on the local circulation, etc., 
may have a direct influence upon the nutrition of the ultimate nerve 
fibres and sensory organs. 

The methods of galvanisation will be those already described ot 
stabile applications to the brain and spinal cord; and of labile 
kathodic excitation with strong currents of the anaesthetic part and 
nerve trunks supplying it, the anode resting upon the back at the 
level of the points of origin of the nerves. Dry faradisation is to 
be applied in the usual way, i.e., a moist electrode is fixed to some 
distant part of the body, and the well-dried part stroked lightly 
with the wire brush. The secondary coil (fine wire) is to be used, 
the current being strong enough to produce distinct crepitation or 
sparks. The local applications should be made every day for 
about ten minutes. 
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In hemiansesthesia (i.e., loss of sensation on one side of the body), 
which is observed in certain cases of disease in one hemisphere, in 
hysteria, etc., Vulpian has shown that it is not necessary to excite 
the whole anaesthetic surface, but that the energetic dry faradisa- 
tion of a small area of the arm, for instance, may restore the func- 
tion of the whole. 



HYPERESTHESIA.— NEURALGIA.— PAIN. 

Conditions in which sensibility is exalted (hyperaesthesia) or per- 
verted (paraesthesia) are rarely the object of a special electrical 
treatment. The presence of pain, (dysaesthesia, algesia) on the 
other hand, frequently indicates electrical applications which will 
naturally vary according to the cause and clinical characteristics 
of the symptom. Foremost stands neuralgia in its different localisa- 
tions and manifestations. The purest types of it are the so-called 
idiopathic neuralgiae, characterised by spontaneous paroxysmal 
pains in the area of distribution of a nerve trunk which displays no 
alteration appreciable to the eye; and symptomatic neuralgiae, in 
which similar phenomena appear to be connected with one of the 
more general neuroses (hysteria, etc.), or with a diathesis or state 
of the general system, or with toxic influences. Many cases 
usually classified in the laltercategory must however be distinguished 
from the truly neuralgic class, and be spoken of as " neuralgiform " 
or " pseudoneuralgic," as would be the pains accompanying many 
forms of nerve-degeneration, sclerosis, or inflammation, as well as 
mechanical or traumatic lesions of the nerves. 

The pains of spinal irritation, cephalalgia, myalgia, often yield 
symptomatic indications for electrical treatment ; those connected 
with gouty and rheumatic conditions may likewise become its 
objects. In numerous morbid conditions (digestive, cardiac, pul- 
monary, or uterine disorders, etc.), there exist spots of sympathetic 
or referred pain ; whilst painful pressure-points along the vertebral 
columns and the course of nerve trunks are the constant accom- 
paniment of various organic or functional disturbances either of 
the nervous system or of other organs. 

Electricity will often be found of the highest value as a palliative 
at least in the treatment of points of spontaneous pain; whilst 
tender pressure points have been shown by several observers to 
constitute important indications for local applications of more than 
symptomatic efficacy. (Cf. p. 169, etc.). 

In some instances electricity may be advantageously used for the 
causal treatment of pain (certain neuroses, neuritis, etc.), and will 
then have to be applied according to the principles and rules given 
elsewhere in this chapter. In pure neuralgia, which we suppose to 
consist in a slight molecular or nutritive disturbance of the nerve 

* This distinguished observer states that where aphasia co-existed with the 
anaesthesia there occurred a temporary improvement in the patient's speech after 
the cutaneous faradisation. This fact illustrates clearly the importance of the 
centripetal and reflex effects of peripheral electrisation. 
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fibres, this agent acts by directly removing the condition which 
gives rise to the symptom and so fulfils the causal indication. The 
general line of action to be adopted in the treatment of neuralgia 
is as follows. 

Apply the positive electrode, as large as the circumstances allow, 
over the seat of pain. Use a weak or moderate galvanic current 
on the strictly stabile method ("page 158) avoiding all makes and 
breaks and even any sudden change in the current strength. The 
negative pole is to be placed either over an indifferent point 
(sternum, etc.), or over the central origin of the nerve (cord). 
Duration of current, four to eight minutes. 

If not rapidly successful, apply both poles successively to the 
painful spot ; or place both poles on the nerve, positive above, ne- 
gative below, then reversing the order and for the rest proceeding 
as first described. In obstinate cases try the effect of voltaic al- 
ternatives or of 5-8 minutes faradisation of the nerve with moist 
electrodes; and finally that of dry faradisation of the skin. 

Tender pressure points must always be carefully sought for, and if 
any are discovered along the course of the nerve, or along the 
vertebrae, the anode (or the anode and kathode successively) is 
to be applied over each for three or four minutes, stabile and 
weak current. 

When the pain is diminished by each application, but returns 
within a few hours, several short applications during the day may 
be safely resorted to. 

The symptomatic treatment of the various other forms of pain ad- 
mitting of electrical treatment must be carried out on the same 
lines as those just laid down for neuralgia, the strength of the 
currents being increased according to the seat and nature of the 
pain, and the susceptibility of the subject. The application of 
electricity for the relief of the fixed pains of dyspeptic, anaemic or 
phthisical patients, for instance, deserves an extensive trial though 
it has hitherto been too much neglected. The amount of suffering 
these symptoms involve, the uselessness of the usual treatments, 
and the rapid results often obtained from galvanisation, alike com- 
mend it to the attention of the general practitioner. 

In the ordinary forms of neuralgia of the Trigeminus the results 
of electrisation are sometimes as rapid as gratifying ; in true tic- 
douloureux, on the other hand, the opposite is true. The current 
must be localised chiefly upon the points of exit of the several 
branches of the nerve from the skull. The root and ganglion of 
the nerve are so deeply placed that it is impossible to act upon 
them with much effect, hence perhaps the inefficacy of electrisation 
in certain cases where the morbid modification of the nerve is per- 
haps localised not at its periphery but nearer the centres. In such 
cases currents as strong as bearable may be tried from forehead to 
occiput, through both temples, and both mastoid processes. 

For ordinary cases a weak current (6- 10 cells) applied for five 
minutes, several times a day if necessary, is to be used ; the anode 
is placed on the points of emergence, the kathode behind the neck. 
The current must be gradually made and broken, according to the 
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stabile method. If relief is not very quickly given, the other modes 
of electrisation previously described must be tried. 

Cervico-occipital must be dealt with on the same principles as facial 
neuralgia. 

In cervico-brachial neuralgia stronger currents (20-30 cells) may 
be used. The kathode rests on the cervical region and stabile 
applications of the anode are made along the painful nerve trunks. 
Labile galvanisation with the kathode of the whole arm is useful 
in cases where there are paretic symptoms. Tender pressure 
points along the vertebrae, cervical plexus and brachial nerves are 
to be diligently sought for and treated. 

Intercostal neuralgia are often due to organic changes in the 
nerve or its surroundings and then resist every form of treatment. 
Such for instance is often the case in the pains of the herpes of old 
people. The treatment of intercostal neuralgia as a rule requires 
rather energetic measures such as alternate galvanisation and 
faradisation, or better still galvanofaradisation, one pole resting 
on the spinal origin of the nerve, and the other placed upon several 
points along its course. Moderate or strong currents (15-30 cells). 

In sciatica the main point is to bring the whole of the suffering 
part of the nerve trunk and branches under the direct influence of 
the current. For this purpose; I. a large plate is held over the 
sacrum or over the sciatic notch, whilst a middle sized disk is placed 
successively upon a number of points along the nerve and its 
painful branches; or, 2. two disk electrodes about six inches 
apart, are placed along the same, so as to bring its whole length 
successively and by segments, under the electrical influence. 
Twenty to forty cells are to be used according to the tolerance and 
fatness of the patient, for eight or ten minutes altogether. In 
addition to this a more or less energetic labile galvanisation or 
galvanofaradisation, of the whole limb is to performed whenever 
the patient is found to bear it, especially where there are signs of 
muscular atrophy and weakness. 

Electropuncture of the nerve, and galvanisation of it through a 
rectal electrode have proved useful in certain cases, but should not 
be resorted to except by operators familiar with the electrolytical 
effects of the current. Simple acupuncture, however, presents no 
danger and may be safely tried in conjunction with percutaneous 
electrisation. 
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Among the cerebral disturbances in which electricity may be used as 
a remedial agent some are purely functional, as chorea, hysteria, 
epilepsy, and other such neuroses, as well as many conditions 
vaguely described as neurasthenia, insomnia, cephalalgia, etc.; 
others again, are of a vasomotor nature (anaemia, hyperemia). 
Haemorrhage with more or less extensive pressure upon, or des- 
truction of, brain tissue and its softening from arterial plugging 
form another category of cerebral lesions within the reach of the 
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electrotherapeutist. Finally he may have to do with sclerotic or 
degenerative changes of brain-cells and fibres. Cases of cerebral 
tumours and the like never present any indications for electrical 
treatment. 

It is obvious that in the electrical treatment of brain disease we 
must expect to fail very frequently. But the gravity of disturbances 
affecting the source of all the higher life of man and the occasional 
striking successes obtained by this empirical mode of treatment, 
not to speak of the paucity of our therapeutical resources in such 
cases, makes it not unfrequently a duty to have recourse to electri- 
sation before pronouncing a case hopeless. In cases where the 
loss of substance is manifestly considerable the possible improve- 
ment in the patient's condition is very small indeed; in others the 
benefit is more or less marked; in a few, too few unfortunately, it is 
as striking as rapid ; in such cases the arrest of function must 
evidently be out of all proportion to any organic lesion that may 
be present. Indeed, all we can hope to do in many cases of organic 
lesion whether by electrisation or other methods of treatment is to 
reduce the symptoms to their anatomical basis. 

The possible mode of action of the current on the nutrition and 
circulation of the brain, and on the excitability of its elements will 
be gathered from what has been said in the paragraph on para- 
lysis. 

The usefulness of cephalic electrisation in certain morbid condi- 
tions has been demonstrated by the results obtained in some well ob- 
served cases (cf. Erb's Elektrotherapie, lecture xvi). We therefore 
need not take any heed of the aprioristic objections urged against 
the practice by certain authors. The great principle which governs 
electrotherapeutics, that of treatment in loco morhi, is to be applied 
to its fullest extent in cerebral galvanisation, and the action of the 
current concentrated as much as possible either upon the cortical 
areas to which our present knowledge allows us to localise the 
lesion, or upon the deeper portions of the encephalon by a proper 
disposition of the electrodes. 

For the purpose of electrising the brain the galvanic current 
should be used; the electrodes should be large, and made to fit 
closely the surfaces to which they are applied, the flexible plates 
described previously (p. 90) answer this purpose very well ; and 
should be placed as to secure the utmost density in the region of 
the lesion, according to the rules laid down at the beginning of 
this chapter (p. 153). The current should be very weak, or weak 
(4-12 cells according to the state of the battery and the resistance 
of the patient's tissues) ; duration to be limited to one to three 
minutes at a time; cautiously increased if the subject bears it well. 
No sudden alterations in the strength should be made (stabile cur- 
rent). The following general directions for galvanic applications 
to the head will be found useful. 

1. Longitudinal galvanisation ; one large flexible plate on the 
forehead, another on the occipital region. 

2. Transverse galvanisation ; one large or medium plate on the 
mastoid region on each side. 
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3. Subaural galvanisation ; a medium sized electrode under the 
ear, the other on the opposite side of the head, forehead, or nape 
of neck. 

4. Localised galvanisation ; one medium electrode over the ac- 
tual convolution, etc., supposed to be the seat of the lesion, the 
other on the opposite side of the neck, (oblique galvanisation, Erb) 
or in the subaural position. 

Two or more of these modes of application may often be advan- 
tageously combined. In most cases of cephalic electrisation the 
respective polarity of the electrodes seems to be a matter of in- 
difference. There occur instances, however, where at least the 
subjective effects vary with the relative position of the poles; it 
will therefore be wise on the part of the physician to be guided 
here by the results, rather than proceed on a routine or a theoreti- 
cal plan of action. 

The electrical treatment of cerebral hemorrhage and softening — hemi- 
plegia— consists chiefly in galvanisation of the damaged portion of 
the brain, and galvanisation or faradisation of the paralysed mus- 
cles, according to the principles laid down previously. It should 
not be undertaken, in cases of ordinary severity, before a month 
has elapsed since the attack, and the tolerance of each patient 
carefully tested before currents of average strength used in his 
case. As a rule it will be found that unless improvement is ap- 
parent, after a week or two, no further good will be done by per- 
severing in the treatment ; and conversely that if progress ceases 
to become manifest after the first few days' electrisation, the case 
is one unsusceptible of further amelioration. 

The supervention of " late rigidity " in cerebral hemiplegia, is 
an event of bad omen and makes the prognosis gloomy. It usually 
depends upon secondary descending degeneration of the pyramidal 
tracts — sclerosis of the lateral columns of the spinal cord. It is 
very rare that any marked relief is then afforded to the sufferer by 
galvanisation or faradisation, which should be applied according 
to the principles laid down in the paragraphs on spasms and spinal 
sclerosis. 

When anaesthesia is present it forms an indication for an appro- 
priate electrical treatment, which not rarely proves successful 
against the symptom (p. 171). Hemiplegic limbs are often the seat 
of pains and trophic alterations (cedema, glossy skin, arthropathy, 
etc.), which pe.ipheral galvanisation may mitigate, though such 
accidents usually point to an irremediable destruction of brain 
matter. 

Aphasia should be treated by localised galvanisation, one elec- 
trode resting over the region of the third frontal convolution, and 
island of Reil. (See Diagram of ""Motor Points.") 

The best method to proceed in an ordinary case of hemiplegia 
is, first, to apply a large electrode to the nape of the neck, and 
place the other, also of large size, on the diseased side and so as to 
include the seat of the lesion between the two, i.e. over the inferior 
fronto-parietal region. The hair must be well moistened, and the 
current regulated according to the rules given above. The polar- 
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ity of the two electrodes is, according to the ordinary method, 
negative to the head, positive to the neck ; when unpleasant sen- 
sations are produced by the current on the brain, the reverse dis- 
position of the poles should be tried. Secondly, the kathode is 
applied in the subaural position, the anode remaining fixed to the 
nape of the neck ; the current should be weak (6 — 14 cells), made 
and broken very gradually; duration three minutes on each side. 
Finally, the paralysed nerve trunks and muscles, should be sub- 
mitted to a labile application of the galvanic current for 5 — 10 
minutes according to the endurance of the patient. The current 
should be strong enough to be felt and produce slight muscular 
contraction, and the number of cells used regulated accordingly. 
The resistance of a hemiplegic arm and hand is often higher than 
the normal (especially when cold and cedematous), and compara- 
tively higher battery power required. The kathode (medium sized 
disk electrode) is applied to the arm, whilst the anode remains, as 
before, fixed to the nape of the neck. 

Simple faradisation of the paralysed extremities, face, tongue, 
etc., may be resorted to instead of galvanisation. In many hope- 
less cases where the patients notwithstanding insist upon having 
an electrical treatment carried out, they may be safely entrusted 
with a small induction coil and allowed to use it at home. 

In a number of cases Prof. Vulpian has obtained good results 
from cutaneous faradisation. His method was to apply the wire- 
brush daily for ten minutes to a circumscribed area of the arm, 
using a rather strong current. 

In monoplegia (and monospasm) of cortical origin the chief indica- 
tion is to act upon the nutrition of the affected convolution, and for 
this purpose the galvanic current may in some cases be applied 
locally over the seat of the lesion by means of a middle sized elec- 
trode, (the other resting upon some other part of the body), which 
should be made successively anodic and kathodic, but without sud- 
den interruptions of the current. The monoplegic limb may also 
be galvanised by the labile method as just described. 

In the conditions known as " ceiebral antzmia" and "neurasthenia," 
electricity has frequently been successfully employed. The follow- 
ing applications are indicated: — I. Very weak galvanisation of 
the head, one electrode resting on a distant part of the body, the 
other successively brought into contact with the frontal, sincipital, 
and parietal regions so as to act directly upon the whole cortical 
substance; or the electrodes being applied in the longitudinal, 
transverse, oblique, and subaural positions. All sudden interrup- 
tions to be avoided and the relative polarity of the electrodes to be 
determined empirically for individual cases. — 2. General faradisa- 
tion, including especially the frontal and occipital regions; and 
galvanofaradisation of the abdomen whenever there is visceral tor- 
pidity. 

Against cerebral hyperamia good results have been ascribed to, 
firstly, longitudinal galvanisation of the brain with the anode on 
the nape of the neck; secondly, cutaneous faradisation of the neck, 
trunk, and arms with moderately strong currents. Certain head- 
's, 
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aches and sleeplessness are amenable to galvanisation and faradisa- 
tion according to the methods described under " neurasthenia." 

In bulbar pai aly 'si's, that is to say disease of the motor nuclei of 
the medulla oblongata, the treatment in loco morbi consists in 
g-alvanisation, transverse and longitudinal, of the head; whilst 
the applications in loco symptomatis comprise labile g-alvanisation 
of the lips, tongue, and throat. The latter is best carried out as 
follows : — a large plate (anode) is fixed to the back of the neck, 
as high up as possible, whilst the lips, tongue, soft palate, and 
pharynx, are dabbed with a sponge fixed to a long electrode (fig. 
71). The current is to be made as strong as the patient can en- 
dure it and applied for 3 — 5 minutes. Then (with a middle-sized 
disk electrode), the current is applied repeatedly to the sides of the 
throat externally so as to provoke marked movements of degluti- 
tion. 
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The principles which govern the rational application of electricity 
to the cord have been laid down and illustrated elsewhere, (p. 154). 
The galvanic current is to be applied with large electrodes for 
5 — 10 minutes at a time, either stabile over the seat of the lesion when 
the latter is localised in any one particular segment ; or slowly 
labile when the whole length of the cord is diseased and has to be 
brought under the influence of the current. When the upper part 
of the cord is galvanised, it is advantageous to place one of the 
electrodes (medium size) in the subaural position, first on one side 
then on the other (Erb). Tender vertebral pressure-points must 
be specially sought for and subjected to the influence of the anode. 
The strength of the current must, in "irritable" conditions of the 
organ, be weak and cautiously increased beginning with 8—12 
cells. Much stronger currents (30 — 60 cells) are frequently well 
borne in chronic cases. Very large electrodes must then be used. 

Electrisation of the cord is often conveniently combined with 
electrisation of the limbs; one pole (large plate) rests over the 
cervical or lumbar enlargement, whilst the other (of large or mid- 
dle size) is applied to the peripheral nerves and muscles involved. 
Galvanofaradisation may usefully be carried out on this plan, espe- 
cially in cases of atrophic paralysis of spinal origin. 

With reference to the choice of the active pole, it is best to use 
the anode only in irritable conditions ; the kathode in the more 
atonic ones, or better still the two poles successively whereby the 
so-called catalytic influence of the current appears to be enhanced. 

Simple faradisation of the cord by means of moist electrodes has 
been recommended by some observers, as well as cutaneous fara- 
disation over the whole length of the vertebral column, either 
alone, or in conjunction or alternation with, the galvanic treat- 
ment. 

Under the name of myelitis are comprised various inflammatory 
states of the spinal cord, in which the lesion has the common cha- 
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racteristic of not being- confined to any of its systems of fibres or 
cells. The prognosis will accordingly vary greatly from case to 
case. The localisation of the lesion forms the chief indication in 
the electrotherapeutics of chronic myelitis, (the acute stages of the 
disease do not present indications for this treatment) ; the current 
must be made to act as directly as possible upon the diseased 
structure (figs. 84 and S8). Paralysis of the legs, or paraplegia is 
the most common and striking- symptom of myelitis ; when the 
latter is transverse, that is occupies a whole segment of the cord, 
there also is anaesthesia, with vesical and rectal disturbances. 

A strong application (20—40 cells) may usually be made daily, 
for five minutes, according to the rules first given. When the 
bladder is involved, voltaic alternatives or galvanofaradisation, 
with the electrodes placed on the sacrum and over the pubes may 
advantageously be administered during a couple of minutes. Gal- 
vanisation (stabile or gently labile) of the paralysed nerves and 
muscles may be combined with the central application, three or 
four minutes to each limb. 

Chronic me?iingiiis may beneficially be treated on the same plan, 
in addition to counterirritation by cutaneous faradisation of the 
back or the actual cautery. Much good may result from electrisa- 
tion in cases of arrested vertebral caries where the spinal functions 
are interfered with. 

In tabes dorsalis (locomotor ataxia) the use of electricity is some- 
times attended with palliative results, either with reference to the 
rate of progress of the disease or to some of the numerous con- 
comitant symptoms. The strength and length of the applications 
should be carefully adapted to the tolerance of each individual. 
They should be made daily and persevered in for many months. 

As a rule moderate currents (15 — 30 cells) should be applied for 
five minutes along- the spine. Erb recommends especially the sub- 
aural position for one of the electrodes, whilst the other is slowly 
moved along the spine. To this he adds labile applications to the 
legs, the anode resting on the sacrum, (or on tender spots, if such 
exist) ; and stabile applications for the lancinating pains, the 
kathode resting on the peripheral seat of pain, the anode over the 
spinal origin of the suffering nerve. 

Rumpf has lately published some suggestive cases, where the 
daily cutaneous faradisation of the trunk and arms for five or six 
minutes proved very beneficial. The current must not be too 
strong- and painful, and the wire brush passed over the surface 
rather firmly and slowly. 

The treatment of spastic paralysis (lateral sclerosis) consists in 
moderate to strong galvanisation of the cord, and labile applica- 
tions to the leg's as just described. Duration about five minutes for 
the cord and as much for each leg ; to be repeated daily. 

In the states included under the name ot anterior poliomyelitis 
(atrophic spinal paralysis, infantile paralysis), and where the 
lesion consists in an inflammatory change of the anterior horns of 
the spinal cord, the current should be directed both upon the cord 
and the degenerated muscles. The prognosis is more favourable 
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in adults than in children; in the latter there usually is actual de- 
struction of certain groups of the spinal motor cells, leading- to 
irreparable atrophy of the corresponding- muscles. Still in pre- 
sence of the gravity of the evil, and the impossibility there is of 
knowing from the first how deep the lesion is, the duty of the phy- 
sician is to insist upon the necessity of a systematic treatment, 
continued for a year or more if there is the least evidence of im- 
provement. 

The method of applying the galvanic (or better still the galvano- 
faradic) current is to fix a large plate electrode (anode) over the 
diseased portion of the cord (lower cervical vertebrae when the arm, 
lower dorsal and upper lumbar vertebrae when the leg, is affected), 
and with the other (a middle-sized well padded disk) to sponge 
over the whole extremity, with a number of cells sufficient to pro- 
duce .redness of the skin and muscular contractions. Each limb 
may be so treated for five minutes daily. Hot water with salt may 
be advantageously used to moisten the electrodes. It is most im- 
portant that the affected limbs should be kept warm ; for this pur- 
pose massage and frictions (before a good fire in the winter) 
repeated two or three times a day, and passive movements of the 
joints are essential. The part should be kept day and night 
covered with a cat's skin, and active systematic exercising of the 
weak muscles encouraged. 

In true progressive muscular atrophy the results of any treatment are 
rarely even palliative. The galvanic current may be applied to 
the wasted muscles and to their spinal centres, by applying a large 
plate electrode over the latter and passing a middle-sized disk elec- 
trode over the periphery. The current should not be strong, the 
number of cells being chosen so as not to produce any well- 
marked muscular contractions in the part. The poles should be 
occasionally changed during the sitting; the latter not to be so 
protracted as to exhaust the diseased structures. 

In the disorders known as spinal irritation, neurasthenia, and the 
"railway-spine," the galvanic treatment of the cord must be mild. 
The current may be applied daily, or every other day, according 
to the methods already given, for about five minutes. Diligent 
search must be made for spots tender to pressure; a weak anodic 
influence of eight or ten minutes duration to each of them often acts 
beneficially. Cephalic and subaural galvanisation also is often indi- 
cated in such cases ; and the galvanic treatment supplemented 
with general faradisation, especially of the muscles of the back. 
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The electrical treatment of the more general functional nerve dis- 
eases, or neuroses, has to fulfil, according to the nature and pecu- 
liarities of each case, one or more of the three indications: (i) 
removal of the cause, (peripheral irritations, etc.) ; (2) relief of the 
prominent symptoms ^paralysis, spasm, pain, etc.); (j) restoration 
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of the disturbed organ (molecular, nutritive changes in the nerve 
centres). 

The first two indications require methods of procedure which the 
reader will readily gather from what has already been said con- 
cerning the electrotherapeutics of nervous diseases; with reference 
to the third, he must bear in mind that general neuroses require 
general treatment, that is to say, in the case of electricity, appli- 
cations to the whole cerebrospinal axis, and applications to the 
whole of the periphery so as to act both directly and reflexly upon 
the nutrition of the whole of the nervous centres, (central galvani- 
sation, general faradisation). 

The treatment of cerebro- spinal neurasthenia has been described 
along with that of other affections of the brain and spinal cord. 
General electrisation may do much good in hypochondriasis, espe- 
cially when the abdominal organs appear to be at fault. Here 
galvano- faradisation is indicated with very large electrodes ap- 
plied to the abdomen and lower dorsal spine. 

In all neuroses where there is evidence of emotional disturbance 
no treatment is of any avail which is not supported by appropriate 
moral influences. This is especially the case in hysteria where a 
complete removal of the patient from all her friends and sur- 
roundings is usually a sine-qua-non condition. The Weir Mitchell 
plan of treatment, which has been successfully applied in this 
country by Dr. Playfair to many cases of hysteria (especially to 
such where inanition played a part), consists in seclusion, general 
faradisation, massage and "over-feeding." 

It is a mistake to assume that all the symptoms of the hysterical 
neurosis always yield speedily to electricity. When they do so, as is 
often the case for aphonia, the effect may be due to the sensory and 
psychical influence of the application. Hysterical spasms and para- 
plegia are by no means inviting objects to the scientific electro- 
therapeutist who will, if called upon to interfere, rely mainly upon 
the general measures which must ever form the leading part of the 
treatment. Nor will he ever fall into the fatal error of resorting to 
violent methods in the hope of accomplishing one of those startling 
cures, which though frequent in hysterical derangements, are to be 
obtained rather by appropriate psychical influences. Experience 
has shown that over-electrisation in functional nerve disease may 
do positive harm to the patient who thereby loses confidence in the 
treatment, and thereby shuts one possible issue to his sufferings. 

The local symptomatic treatment of hysterical anaesthesia, neu- 
ralgia, paralysis, etc., will be conducted on essentially the same 
lines of action as those previously described in the general account 
given of those symptoms. 

In chorea and epilepsy we find occasionally symptomatic indications 
tor electrical treatment (paralysis, etc.), which has to be conducted 
on the principles stated previously (p. 165, etc.) The recent views 
concerning the motor functions of the cerebral cortex, and its impli- 
cation in certain choreiform and epileptiform phenomena, lead one 
to think that in those cases at least where the usual medication fails 
cephalic galvanisation should be tried. Some examples indeed, 
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reported on good authorities, of beneficial results obtained by it, 
have already been published. The rationale being that the cur- 
rent exerts some influence upon the nutrition of the altered nervous 
tissue, the mode of application will be that described on page 175. 
One electrode is to be placed over the convolution in which the 
morbid process has been localised, whilst the other rests upon the 
nape of the neck. 

The galvanic current is of great use in exophthalmic goitre, though 
in advanced cases we may scarcely hope for a cure. It should be 
applied perseveringly for one or two months consecutively, and 
several such courses be resorted to at intervals. The applications 
should comprise galvanisation of the brain, from the eyes and fore- 
head to the occipital region, and through the mastoid processes; 
subaural galvanisation ; and galvanisation of the upper part of the 
cord (labile, with indifferent electrode on the epigastrium). The 
currents should be weak, especially at first, and the sittings short ; 
gradually increasing as tolerance is established; the manipulations 
must be conducted on the general rules given above. In a recent 
case of exophthalmic goitre I obtained marked and speedy results 
from voltaic alternatives with a rather strong current, which the 
patient happened to bear exceedingly well. The electrodes were 
applied according to the subaural method (p. 164). 

In paralysis agilans and tetanus, electrisation has yielded but slight 
palliative results. Diabetes melliius and insipidus, the latter especi- 
ally, have been treated with galvanisation of the nervous centres. 
Whether the results reported to have been obtained are real and 
durable remains to be shown by further attempts in that direction. 

Writer's cramp. This name is applied to the most conspicuous of 
a group of what might be called "professional functional neuro- 
pathies." These have their mode of origin in common, viz., the 
exercise of certain groups of muscles in the performance of certain 
co-ordinated movements of later acquisition, such as writing, play- 
ing musical instruments, telegraphing and the like. Writer's 
cramp is also known as 'scrivener's palsy,' a name which shows 
that the spastic form of the disease is not the only one. In some 
cases paresis is the main symptom, in others again tremors and 
paresthesia are conspicuous. 

The nature and localisation of the lesion are both matters of 
speculation. The treatment consists of rest — absolute — from the 
muscular actions, which give rise to the symptom, electrisation, 
and a combination of gymnastics and massage. The latter being 
still almost universally ignored in this country, I shall give here 
an account of the German method; using Ross' words, "the gym- 
nastic exercises consist of both active and passive movements. In 
the active form, the patient is instructed to execute, three or four 
times a day, a series of vigorous movements with the affected ex- 
tremity, the hand being opened and closed in quick succession, 
'lhe number of these movements, and consequently the duration of 
each exercise is progressively increased until a duration of half an 
hour is attained for each sitting. In the passive movements the 
operator produces forcible traction, three or four times a day, upon 
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each of the affected muscles separately, in the direction of its length. 
This is the most delicate part of the treatment, inasmuch as, if too 
little strength is employed the cure is delayed, if too much the dis- 
order is aggravated. When the spasm is notably diminished, 
which usually occurs in a short time, the patient is encouraged to 
take slow and graduated exercises in writing. The operator prac- 
tises daily massage of the affected extremity, particular stress being' 
laid upon percussion of the affected muscles with the ulnar border 
of the hand." (This method usually ascribed to Wolff who demon- 
strated it, and obtained brilliant successes in Paris, appears to 
have been originated by Dr. Schott, of Nauheim. (Cf. Neurologi- 
sches Centralblatt, April, 1882). 

The electrical applications should consist of labile kathodic gal- 
vanisation of the brachial plexus, and of the muscles and nerves of 
the arm, the anode resting over the cervical enlargement, for ten 
minutes daily. Weak currents ; fifteen or twenty cells will usually 
be found sufficient. The active gymnastics mentioned above may 
be usefully carried out during the electrisation. 

Migraine or Sick-headache. This ailment is to be considered as 
a manifestation of a neurotic constitution rather than as a local 
nervous disturbance; and consequently its treatment will have 
palliative rather than curative results. At the same time electri- 
city should not be applied symptomatically with a view to cut short 
the individual attacks, but in a systematic and continuous manner 
for a long period in order to improve the nutrition of the abnor- 
mal nerve centres. 

The application should be made daily: — 1st, through the head, 
(p. 175) one pole resting on the subaural position whilst the other 
is applied to the temple and mastoid process on the opposite side, 
according to the directions given above; 2nd, from the nape ot the 
neck to the epigastrium, moderate current (12 to 18 cells) for 6 to 8 
minutes. During the attacks, and also in the intervals, a faradic 
current may be applied through the head (from forehead to occiput) 
by means of two large well padded electrodes, or better still with 
the moistened hand of the operator used as one of the electrodes, 
the current passing through the body of the latter who holds the 
real electrode in his other hand. 

Hoist's polar method is more theoretical than practical. When 
pallor is present (angiospastic attack, he places the anode in the 
subaural position and gradually makes a current which he al- 
lows to flow for about 5 minutes and gradually removes. When 
hypersemia is manifest (angioparalytic attack) he seeks to excite 
the sympathetic by placing the kathode in the same position, and 
interrupting repeatedly the current. 
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DISEASES OF THE PERIPHERAL NERVES. 

The conditions which call for electrical treatment of peripheral 
nerves are (besides functional disturbances) neuritis, perineuritis, 
injuries, degeneration. The symptoms of these morbid states are 
paralysis, pain and trophic changes in the area of distribution. 
After what has been said of the rationale of electrisation in para- 
lysis little remains to be added here of a general nature. The 
catalytic influence of the current in loco morbi and its exciting and 
modifying effects both above and below the seat of lesion will 
obviously fulfil the most important indications ; and the methods 
of electrisation will not offer many difficulties to any one conversant 
with the relative position of the nerves affected and the laws of 
current-diffusion. The principal motor points will be found illus- 
trated in the diagrams appended to this chapter. 

Oculomotor, Trochlear and Abducens. — Paralyses in the district of 
the third, fourth and sixth pairs of cerebral nerves are sometimes 
of central origin (bulbar, "ophthalmoplegia externa"), more 
commonly of peripheral nature (syphilitic, rheumatic). They also 
occur in the course of tabes or locomotor ataxy. The prognosis 
will obviously depend upon the cause. 

The galvanic anode is to be fixed to the nape of the neck, and 
the kathode (a small electrode, well covered with soft sponge) 
applied upon the closed eyelid, over the point of insertion of each 
of the paralysed muscles successively, a certain degree of firm 
pressure being exerted. The current (6 to 12 cells) must be strong 
enough to produce distinct twitches in the orbicularis. The cur- 
rent is allowed to flow for one or two minutes through each muscle, 
and then a few interruptions are made, or if the patient objects to 
them the electrode is passed over the closed eyelid for the same 
period. Faradisation has been used, but is inferior to galvanisa- 
tion. — I am in the habit of using the two currents combined (see p. 
163), a weak faradic current being made to pass simultaneously 
with the galvanic used as just described. 

Facial nerve. — Paralysis of the seventh nerve is usually due to 
exposure to cold, and is then supposed to be due to a perineuritis, 
with effusion into the sheath. The nerve fibres are thus compressed, 
and paralysis ensues, with or without degeneration (p. 127) ac- 
cording to the degree of pressure to which they are submitted. 
Among other causes of " facial hemiplegia" of peripheral origin, 
may be mentioned injury to or disease of the nerve as it passes 
through the pons along the base of the skull, and in the bony 
canal. In the disease known as bulbar or labio-glosso-laryngeal 
paralysis certain nuclei of the medulla oblongata degenerate, 
among them that presiding over the movements of the labial mus- 
cles. In the usual hemiplegia from cerebral haemorrhage the facial 
paralysis, which occurs on the side opposite to the lesion, does not 
extend higher than the zygomatics. In peripheral paralyses on 
the other hand (including alternate hemiplegia from disease in the 
pons) the whole of the facial district is involved. 



DISEASES OF THE PERIPHERAL NERVES. I 85 

We have seen in the chapter on electrodiagnosis that facial 
paralysis (from exposure to cold, hence called " rheumatic") offers 
three varieties according' to the depth of the lesion. — In the lighter 
cases the reactions are normal and the nerve is injured only quoad 
its functions as an organ of transmission of voluntary stimuli. Nei- 
ther it nor the muscles undergo degenerative changes; and the re- 
covery is accordingly rapid (about 3 weeks). — When the reactions 
present phenomena of the middle form of RD (p. 130), and prove 
that the trophic influence of the central nuclei on muscles is cut off, 
the progress is slower, about two months elapsing before re- 
covery. — In the severer type, where nerve and muscles are degen- 
erated, the progress is slower (six months or longer) and may 
end in a condition of permanent impairment. Facial paralysis 
thus yields a typical picture of RD in its various stages of develop- 
ment and an excellent example of the prognostic value of an elec- 
trical investigation. 

The treatment of facial paralysis consists of a thorough labile 
galvanisation of the nerve, its branches and every muscle it sup- 
plies, first with the kathode, then with the anode, whilst the other 
pole rests upon the point of emergence of the nerve (i.e. well pressed 
in behind and below the ear). The current should be as strong as 
the patient can bear (8-12 cells), and applied for about five minutes 
with medium sized electrodes. The effect of the treatment will 
obviously be greater when the time for the natural process of re- 
generation has arrived (see diagrams, figs. 79, etc.) Its immediate 
effect is to restore some tonus to the muscles, and to remove the 
uncomfortable "stiff" feeling of which many patients complain. 

Laryngeal nerv'.s. — Electrisation of the larynx is frequently resorted 
to in various forms of paresis of its muscles. It is by no means 
necessary to resort to the difficult and unpleasant method of intra- 
laryngeal faradisation which is usually described by specialists, as 
galvanisation applied through the neck is quite sufficient to excite 
the parts. For this purpose a plate is fixed to the nape of the 
neck, and the skin over the larynx and both sides of the trachea 
vigorously stroked with a medium sized electrode ; then a number 
of voltaic alternatives are to be made whilst the latter remains 
stationary over the larynx and over the vagus. Current as strong 
as can be borne without too much discomfort (about 10 cells). 
Galvanofaradisation applied in this manner is very effectual. 
Hysterical aphonia is usually amenable to any form of electrisa- 
tion ; the current must be strong and suddenly applied so as to 
produce a psychical effect which often finds vent in a cry. ,s 

Phrenic nerves. — Artificial respiration. Electrisation of the phrenics 
is rarely resorted to in actual disease, but constitutes an important 
factor in the procedures for restoring life in asphyxia, etc. The 
simplest plan is to press a medium sized electrode well behind the 
the posterior edge of the sternomastoid (see figure of motor-points) 

* I have just seen a case of six years' standing, where strong faradisation failed 
to produce the desired effect. The voice returned however on the application of a 
powerful galvanic current with rapid interruptions. 
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on each side. The negative pole of a sufficiently powerful coil is 
connected with these electrodes by means of a branched rheo- 
phore ; whilst the positive rests on the epigastrium. A very 
strong - current is made for one or two seconds and interrupted for 
same period. The arms and head are kept fixed during excita- 
tion ; and pressure made upon the thorax to assist expiration 
during the intervals. 

Nerves of the arm. — The roots and trunks which form the brachial 
plexus are easily submitted to electrical influences by a proper 
disposition of the electrodes, which when placed over the cervical 
vertebrae, in the supra clavicular fossa (see plate of motor points), 
and in the axilla secure a considerable current density in the upper 
segments of those nerves. It must be remembered that the first 
dorsal and eighth cervical root supply the flexor of the hand and 
fingers, and small muscles of the hand chiefly ; the seventh cervi- 
cal (in man) the extensors chiefly ; whilst the supinators and 
flexors of the arm seem to be mainly innervated by the fifth and 
sixth root, along with the deltoid, and scapular muscles. The 
triceps receives branches from the lower three cervical roots, a fact 
which explains the rarity of its complete and isolated paralysis 
(cf p. 137). Disease of the motor roots can therefore be distin- 
guished from lesions of the nerve cords and trunks below the 
plexus by the fact of their involving physiological groups of 
muscles, like poliomyelitis, and not anatomical groups or groups 
supplied by the same nerve. 

The conditions which call for electrical treatment in nervous dis- 
orders of the arm are numerous, including chiefly neuritis, trau- 
matisms of various kinds, the effects of cold, of rheumatism, etc. 
As usual applications in loco merit have to be made with sufficiently 
large and well disposed electrodes {cf. p. 153), the current (of 
moderate strength) averaging from 15-25 cells, and lasting from 
five to ten minutes. Excitations are to be made above the point of 
lesion by means of faradisation or galvanic shocks, and the whole 
muscular province innervated by the diseased organs subjected to 
a thorough labile galvanic or galvanofaradic application for five 
minutes or more with both poles sucessively and a medium sized 
electrode. During this part of the treatment the other electrode 
may be made to rest over the seat of the lesion and thus the two 
indications fulfilled at the same time. 

Nerves of the Leg. — The same general remarks apply to the elec- 
trical treatment of the nerves of the leg as to those of the arm. 
The position of the plexuses, lumbar and sacral, however make it 
more difficult to reach them with currents of sufficient density. 
Very large electrodes are to be used with correspondingly power- 
ful currents (25 to 40 cells or more especially in the case of fat 
people). Galvanofaradisation with voltaic alternatives, is indi- 
cated here; ordinary faradisation is of but little avail, except 
when applied per rectum (p. 192). The peripheral treatment 
should be conducted as in the case of the arm ; the number of cells 
required being generally larger on account of the higher resis- 
tance of the tissues. The spinal localisations of the motor centres 
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ot the lower extremities will be readily understood by a reference 
to page 135, and to diagrams of the roots and plexuses and nerve 
trunks such as are usually given in textbooks of anatomy. The 
course of the great nerves (sciatic, crural, etc.) need not be in- 
dicated here. The motor points of the several muscles will be 
found indicated in the figures at the end of this chapter. 
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Lead paralysis. — The commonest form of lead paralysis is that af- 
fecting the extensors of the hand and fingers, (the supinators 
usually remaining intact), hence called w rist-drop. The pathogeny 
of the disease is still a question of debate. I have {Lancet, 1880) 
supported the hypothesis that it is of spinal origin, and consists 
in a functional disturbance of the grey matter, a poisoning of 
the cells, giving' rise to an arrest of their functions, motor and 
trophic. Acting in accordance with this view I have been in the 
habit of applying the current from the cervical enlargement to the 
paralysed muscles. 

A large electrode is fixed over the middle cervical vertebrae, and 
the upper surface of the forearm is subjected to a vigorous labile 
application of a current of 15 or 20 cells or more. The two poles 
are altered several times during the sitting. 

The prognosis will depend on the depth of the neuro-muscular 
lesion, as judged by the degree of alteration of the normal re- 
sponse. RD is usually well marked in saturnine wrist drop; a 
fact which along with the escape of the supinators serves to distin- 
guish it from pressure-paralysis of the musculo-spiral. 

Diphtheritic paralysis. — Among- the sequelae of diphtheria occur 
paralyses of the soft palate and muscles of deglutition, as well as 
of other muscles of the trunk and extremities. These are amen- 
able to galvanisation which is to be applied as described in 
the paragraph on Bulbar paralysis, and in those of peripheral 
paralyses. 

Nervous disturbance after acute febrile disease will be treated by 
central and peripheral applications according to the principles 
laid down in previous paragraphs. 

Syphilitic paralyses occur most commonly under the form of hemi- 
plegia and paraplegia when the centres are affected. Among the 
peripheral nerves the oculomotor is most commonly affected. The 
first indication is of course the causal one ; and here, as in all 
specific neuropathies, a very energetic treatment with mercury and 
iodide is of the utmost necessity. 

The directions given previously for the symptomatic treatment of 
the various paralyses will have to be afterwards followed whenever 
the full restoration of innervation remains in abeyance in spite of 
the internal medication. 
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DISEASES OF THE EYE. 



Good results are reported as having followed the application of 
electricity in a number of cases of disorders affecting the ocular 
structures anterior to the retina. The latter need not be alluded to 
in detail here ; I shall confine myself to the statement that in further 
experiments on the sul ject the operator should act on the general 
principle that as the nutrition of the tissues is to be influenced, it is 
best to apply both galvanic poles in succession over the closed 
eyelid. The indifferent electrode should rest upon the nape of the 
neck or in the subaural position. Weak currents to be used at first, 
gradually increased (4-10 cells) for 4 to 8 minutes daily. The 
faradic current is said to be useful in some cases; it should be 
applied as just described only for a longer time (thirty minutes to 
one hour, once or oftener every day). — The eye electrode should be 
oval, somewhat concave, and covered with a layer of fine sponge ; 
a flexible metal plate of appropriate shape and size is more con- 
venient than the usual handle and disk electrode, as it may be kept 
in uniform apposition with the eye by means of a bandage. 

Galvanisation usually brings about an improvement in retinitis 
pigmentosa. 

Primary atrophy of the optic nerve appears to be unfortunately be- 
yond the reach of electricity as of all other methods of treatment. 
Many patients however are anxious to try the effects of galvanism ; 
they may safely be ordered to apply the current of three or four 
cells to each eye for 5-10 minutes daily, or twice a day, according 
to the method just described. 

In optic neuritis and its sequelpe the current is of much greater 
value. In addition to the direct galvanisation of the eye, it is re- 
commended that subaural galvanisation should be practised. 

Ocular affections symptomatic of nervous disorders such as the 
choked disk of cerebral tumours and the atrophy of locomotor ataxy 
cannot be expected to yield to special treatment. In certain func- 
tional disturbances of the retina and optic nerve galvanisation and 
faradisation may legitimately be resorted to. 
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The application of electricity to the organ of hearing is a subject 
of historical, as much as of practical interest. It was through inves- 
tigation of the acoustic reactions Brenner was led to establish his 
polar formula, and to lay down the rules for the unipolar investi- 
gation of motor nerves and for the unipolar treatment of disease. 
The violent controversies to which his publications gave rise are now 
a thing of the past even in Germany, the only country where 
scientific electrotherapeutics ever evoked a feeling of interest ; but 
Erb has quite lately restated Brenner's views in the light of recent 
observations, and with the support of his authority in such matters. 
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We have seen (p. 117) that the healthy acoustic nerve reacts in a 
definite manner to anodic and kathodic excitations. Now in mor- 
bid conditions, quantitative or qualitative alterations are observed 
in this normal polar formula, which yield data both for diagnosis 
and for treatment. The symptoms which call for galvanic treat- 
ment are deafness and tinnitus, due respectively to anaesthesia and 
hyperesthesia of the acoustic nerve. 

In nervous tinnitus the reactions of the nerve are probably always 
abnormal ; and the indications for the treatment are derived from 
the respective influence of the anode and of the kathode on the sub- 
jective sounds, that pole being applied to the ear under whose in- 
fluence the noises are found to diminish. In certain cases complete 
silence is produced, especially by the anode, for a longer or shorter 
time : and here the prognosis would appear to be more favourable 
than where the effect is less marked. 

Many of the ill successes which have in the hands of aurists 
attended the galvanisation of the acoustic nerve would seem to be 
due to the very defective methods employed. In order to make the 
diminution of the tinnitus persist after the removal of the electrode 
it is indispensable that the latter should be raised only when the 
current has been reduced to zero by imperceptible degrees. Now 
this is an impossibility with the usual batteries without the interca- 
lation of a rheostat, or some improvised resistance such as a 
moistened string (p. 11) in the circuit, and the use of a collector 
taking the cells by twos at most. When both ears are affected, 
and indeed in all cases in order to diminish the giddiness attending 
the circulation of a current through the brain, it is best to use a 
bifurcated rheophore connecting an electrode placed on each ear 
wkh the active pole, while the indifferent electrode rests as usual 
on the sternum or some other distant part of the body. 

The strength of the current should be such as to check the tinnitus 
if possible without producing much giddiness; and the application 
be protracted to ten minutes or even longer. When the effect of 
the galvanisation lasts for a few hours, it would perhaps be 
advantageous to repeat the process oftener than once a day as in 
the case of neuralgia, but I am not aware that this plan has yet 
been tried. 

In such cases, and they are by no means unfrequent, where the 
strictly electrotonic method fails to secure permanent results, a 
further attempt must be made with a view to catalytic effects, viz., 
the nerve must be submitted to the effects of the two poles succes- 
sively. The best plan is to begin with the kathode, and pass to 
the anode by a sudden reversal of the current, which is finally re- 
duced gradually to zero as before. 

The plan for the treatment of nervous deafness consists in exci- 
tations of the nerve with a galvanic current in which interruptions 
or voltaic alternatives are made. The precautions for gradual 
diminution of the current are of course unnecessary; but the mode 
of application otherwise remains the same as for tinnitus. When 
the latter coexists with deafness, and is relieved by the current, 
applied according to the method described above, both are usually 
found to disappear at the same time. 
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NEUROSES OF THE HEART AND LUNGS. 

Asthma. — From what has already been done by electricity in 
cases of nervous asthma there appears to be every ground for more 
extensive efforts in that direction. One plan consists in the ener- 
getic faradisation of the vagi below the angle of the jaw, twice a 
day for about 20 minutes. Galvanisation of the upper part of the 
cord and sides of neck has also been employed. The most ready 
and complete method appears to me to fix a medium sized elec- 
trode on the occipital region, and apply the galvanofaradic cur- 
rent from the subaural region down to the sternum for 6 to 8 
minutes on each side. The number of cells should be graduated 
according to the tolerance of the patient. 

Angina Pectoris. — Duchenne employed with some success the in- 
duced current applying it by means of the wire brush to the 
prsecordial region as a powerful derivative. The galvanic cur- 
rent may be advantageously used also, the anode rests on the 
praecordial region whilst the cord from the occipital region to the 
interscapular region is subjected to the kathode, as well as the 
sympathetic and vagus on either side of the neck. The current 
should be weak and the sittings short at first, and only gradually 
increased. 

Nervous palpitations are sometimes amenable to galvanic treat- 
ment according to the method just indicated. The physiological 
effect of the galvanic current on the muscular fibres of the heart 
has been mentioned previously (p. 114). 
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A number of disorders of the digestive organs present indications 
for electrical treatment, though it must be confessed that this field 
of therapeutical activity has hitherto been chiefly occupied and 
cultivated by quacks. Abdominal neuropathies, congestion and 
atony indeed form more hopeful subjects for electrisation than 
many of the disorders of the central nervous system in which the 
method is too commonly supposed to be peculiarly adapted. 

We have seen (page lilff.) the principles which ought to guide 
every effort to bring deep organs under the influence of the cur- 
rent ; nothing but failure can follow departures from the rules de- 
rived from the physical conditions under which we are acting in 
abdominal electrisation. Very large electrodes (p. 90) and strong 
currents are necessary. Hence it follows that the ordinary medical 
induction coils are of but little use here on account of the very 
small quantity of electricity they yield, and faradisation of the 
deeper organs in order to be effectual must be made with large 
coils of thick wire.' 3 The ordinary medical pocket induction ap- 

• I have had an instrument made for this purpose which admirably fulfils it's 
object. It consists of a primary coil of about 60 yards of very thick wire (2 mm 
diameter) fed by two large Leclanche cells. The current is graduated by means 
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paratus is thus to be rejected, and in all cases it will be found 
advisable in order to increase the effect of the induced current to 
apply it as described in the paragraph on galvanofaradisation 
(p. 163 c/ p. in), combining it with a galvanic current. Voltaic 
alternatives of the galvanofaradic current form the most powerful 
excitant in electrotherapeutics, and will be found useful whenever 
the deep abdominal structures require to be influenced. 

Whenever muscles of organic life are to be excited it is best to 
use the labile method ; or the stabile with rather long periods of 
interruption. 

The stomach may be faradised internally by means of a wire 
introduced through an india-rubber tube, and the rectum by means 
of the electrode shown at fig. 69. The former process can always 
be dispensed with, when a sufficiently powerful coil is at hand ; the 
latter is very simple and effectual, and easily tolerated when the 
electrode is not pushed against the branches of the sacral plexus. 

Dyspepsia is a symptom of various conditions of the stomach in 
some of which electrisation will be found useful either as a pallia- 
tive or adjunct, or as a causal treatment. This will be the case 
when the functions of the gastric nervous and muscular structures 
are at fault. Moreover general faradisation, or perhaps the elec- 
tric bath, are indicated by the debility of the whole system which 
often accompanies dyspepsia. When the symptoms of gaslralgia 
prevail the best method is to fix a large electrode over the region 
of the stomach and to apply the other (slowly labile) along the 
dorsal portion of the cord. A strong galvanic current may thus 
be used for 8 to 10 minutes. There are no definite indications as to 
the polarity of the electrode resting over the stomach, the effect of 
both may be tried successively. 

When there is paresis of the muscular walls, or dilatation, galvano- 
faradisation will prove the most efficient method, and may well be 
combined with the process known as washing out of the stomach. 
A very large electrode is fixed to the back, and another applied 
successively to all the points of the surface over the dilated organ. 
The application should consist of a series of excitations 30 or 40 
in number, each lasting 15 to 20 seconds, with short intervals, and 
voltaic alternatives. — Certain cases of flatulence and altered secre- 
tion, especially those which are not amenable to ordinary medica- 
tion and hygiene should be submitted to a similar treatment in the 
hope of checking the morbid process by rousing up the nervous 
vigour of the organ. — Vomiting of a purely functional and idio- 
pathic description is amenable to moderate galvanisation of the 
vagus and stomach. For this purpose a large plate is to be fixed 
to the epigastrium, whilst the other electrode, of medium size, is 
made to rest on the occipital region for 3 to 5 minutes, then in the 
subaural position and along the trachea on each side for the same 

of the moveable core, and when applied to the abdomen through two very larcre 
plates (thoroughly moistened in hot salt and water) produces powerful contractions 
of the whole portion included. Notwithstanding the great diffusion of the current 
the quantity of electricity it conveys is sufficient to excite the whole of the tissues 
en masse. 
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period. Moderate current (10 to 20 cells), both poles may be tried 
in succession. 

Constipation is a symptom as common as troublesome, but which 
in many cases yields to a rational application of electricity. The 
most effectual method is the galvanofaradisation of the whole 
abdomen. For this purpose a very large plate is fixed to the back, 
whilst another is made to rest first upon the umbilical region, then 
carried round along the whole course of the colon. Strong cur- 
rents for 8 or 10 minutes daily, with numerous voltaic alternatives. 
When the subject is very fat a good deal of pressure should be ex- 
erted upon the electrodes so as to diminish the distance between 
them and the viscera. 

Faradisation alone may be used, or galvanisation, in the same 
way as galvanofaradisation. It is well, however, when the former 
only is applied, to use a rectal electrode (see fig. 69) pushed well 
up into the bowel, and a medium sized disk electrode very firmly 
pressed upon the abdominal walls. 

Similar applications, only stronger, longer, and more frequently 
repeated often prove highly successful in obstruction Cases 
are on record where copious evacuations took place immediately 
after the first excitation of the intestines after all other means had 
failed. Whether obstruction from other causes than faecal accu- 
mulations can be relieved is a point not clearly made out, though 
well authenticated instances, however, e.g., of invagination, encour- 
age us to further experiments which appear to be at least quite 
free from danger. 

Flatulence and meleorismus when not symptoms accompanying the 
states just described, may call for treatment, which is to be con- 
ducted on the same lines as that indicated in simple constipation. 

Certain painful conditions of the abdominal sympathetic and its 
branches — abdominal neuralgia, entcralgia, dry colic, etc., are amenable 
to galvanisation. The applications should consLt of stabile cur- 
rents from the back to the abdominal walls. Large plates, 30 to 
40 cells, 10 minutes; with a few voltaic alternatives. Lead colic is 
also amenable to faradisation (see " Constipation "). 

Congestion of the portal system, especially when accompanied with 
cerebral depression, and general atony of the digestive organs of 
neurotic nature may well be subjected to the effects of galvano- 
faradisation. 

Certain enlargements 0/ the spleen have frequently been proved to 
be amenable to electrisation, galvanic or faradic. Two large 
electrodes are to be placed so as to include the organ and mode- 
rate or strong currents, with interruptions used for ten minutes 
daily. It is said that in old cases of ague the other symptoms are 
alleviated as the organ is reduced in size; and that after each 
electrisation marked changes in the relative number of white and 
red blood corpuscles can be demonstrated by the haemocytometer. 

As a point of physiological interest, if not of great therapeutical 
import, may finally be noted the effects of faradisation on ascites 
from obstructed circulation. The rhythmatical exercise of the 
abdominal walls increases the absorption of the liquid through the 
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lymphatic stomata and the urine becomes more abundant as the 
ascitic effusion diminishes. The plan deserves more extensive 
trials than it yet has had. 
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Simple muscular atrophy, such as is often met with in many surgical 
cases, is readily amenable to faradisation. Each of the affected 
muscles must be made to contract thoroughly (for a few minutes 
daily) by applying one of the electrodes on its nerve or motor 
point, whilst the other is carried over its whole surface. The same 
treatment is useful after such operations as resection of joints, etc. 
The stiffness and weakness which sometimes remain after frac- 
tures, contusions and other injuries of the bones, joints, ligaments, 
tendons or muscles, are beneficially influenced by a more or less 
energetic treatment, either with the galvanic or the faradic current. 
I usually apply both together (see galvanofaradisation p. 163,). 
The applications should consist of a thorough electrisation at the 
seat of the injury, as well as of the whole muscular masses 
connected with it. Sprains are especially amenable to this treat- 
ment ; and it is not rare to see patients who had painfully hobbled 
into the room, walk out with comparative ease. In many cases it 
is the pain rather than the real damage to the parts which prevents 
the use of the limb, and this is most effectually removed by the ap- 
plication of galvanofaradisation. I have used it with success to quite 
recent cases as well as to very chronic ones ; it is prudent however 
when there is much effusion and inflammation to use at first nothing 
but mild and protracted faradisation at the seat of injury, and wait 
a few days before passing to more vigorous applications. 

Muscular rheumatism is often amenable to cutaneous faradisation 
over the seat of pain (moderate currents, two or three minutes) ; 
or to faradisation of the muscles themselves. The latter method 
is best carried out by placing two well-moistened electrodes of 
good size over the muscular masses and begin with moderate 
currents which are gradually brought up to the maximum strength 
endurable. Duration five minutes, or more, to be repeated more 
than once a day if necessary. Galvanofaradisation may with 
advantage be substituted for simple faradisation. 

The galvanic current may also be applied to the painful parts. 
The electrodes are applied according to the principles above 
mentioned (p. 153) and a current, moderate to strong, passed for a 
few minutes, and the sitting concluded with a series of interruptions 
or voltaic alternatives so as to excite the muscular tissue to con- 
traction. 

Chronic articular rheumatism proves often very obstinate to every 
treatment, but occasionally yields to persevering electrisation. 
Here again, stabile galvanofaradisation of the joint (moderate 

o 
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currents, 10-15 minutes), is perhaps the best; after which labile 
applications are to be made, extending - some distance above and 
below it so as to excite all the muscles in relation with it. A rather 
unusual method of applying- the galvanic current has lately been 
extolled by Prof. Seeligmuller, viz., by means of the wire brush. 
The anode (a large moistened electrode) rests upon any part of 
the body, whilst the kathode (a brush with stiff wires) is firmly 
applied to several points over the seat of pain, resting on each for 
a few seconds. The current (15-20 cells) must be strong enough to 
produce a number of small eschars wherever the brush is applied. 
This method is obviously very painful, but the results obtained 
are described as so rapid and marked that the patients gladly sub- 
mit themselves to it. 

Arthritis defoimans when advanced admits of palliative treatment 
only. On the supposition that it is of nervous origin, it is best to fix 
the anode over the spinal origin of the nerves supplying the dis- 
eased part, and submit the latter to slowly labile applications of 
the kathode, including the muscles connected with the articulations. 
Moderate currents, ten minutes for each limb. In addition to this, 
spinal g-alvanisation may be practised according- to the subaural 
method (p. 179) on the theory of the neurotrophic nature of the 
complaint. The treatment should be persevered in for a consider- 
able period. 
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Paralysis of the bladder is a frequent symptom in diseases of the 
nervous centres, and forms an important indication for local treat- 
ment. In many cases electricity will be found very useful ; but 
whenever the cord is gravely affected (myelitis, transverse or 
diffuse, etc.) it naturally fails to relieve. 

The best method is to apply galvanofaradic currents by means of 
very large electrodes from above the pubes to the perineum and to 
the sacrum with frequent reversals or voltaic alternatives by means 
of the apparatus described at page 96, but the galvanic current alone 
is to be applied in the same way in the absence of the necessary 
arrangements. The currents should be strong or very strong- and 
applied for 8-10 minutes. When the paralysis is of central origin 
we submit also the lumbar enlargement of the cord, and in some 
cases the whole cord, to the electrical influence (see page 178). 
Internal electrisation of the bladder may be also resorted to if 
external applications are not successful. 

Enuresis noclutna is frequently amenable to treatment; cases of 
many years standing often yield with extraordinary rapidity to 
electrisation of the cord and bladder. It is best to begin with ex- 
ternal applications similar to those described in the preceding 
paragraph, but milder; and if results are not speedily obtained to 
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try the internal galvanisation or faradisation of the bladder. For 
this purpose a gum catheter with a metallic tip connected with one 
pole of the battery is introduced into the bladder, and the circuit 
closed by means of an ordinary plate electrode over the abdomen. 
When faradism is so applied the currents must be strong - , and 
the primary (thick wire) coil used; when galvanism, the currents 
must be weak, and in order to avoid producing eschars on the walls 
of the bladder, the latter should be partially distended with tepid 
water. The duration of faradic applications may extend to five 
minutes; but when galvanism is used the current should not be 
allowed to flow continuously for more than a few seconds at a time, 
or voltaic alternatives should be made frequently. Weak currents 
(8-12 cells), for three minutes. 

Impotence and spermatorrhoea, when of functional origin, have often 
been shown to be amenable to electrical treatment. In certain 
cases the moral effect is not to be lost sight of; these affections are 
peculiarly prone to upset the mental equilibrium of patients, and 
much firmness and discrimination are always required on the part 
of the physician in their management. With reference to the 
mode of applying the current, the easiest and most effective, is to 
fix a large plate over the lumbar enlargement of the cord, and by 
means of a disk-electrode covered with a layer of soft sponge sub- 
mit the perineum, groins, internal surface of the thighs and 
genitals, to a thorough labile application, either of galvanism 
alone, or better of galvanofaradisation, with frequent voltaic 
alternatives. The current must be as strong as can be borne, and 
the duration 8-10 minutes. The plate is then conveyed to the 
abdomen, and a similar labile application made to the sacrum over 
the cauda equina for 3-5 minutes. 

In certain cases, chiefly of simple spermatorrhoea, this plan may 
prove too energetic, and stabile or slowly labile galvanisation of 
the cord, and chiefly of the lumbar enlargement, is to be preferred. 
The anode may be applied to the perineum, and the kathode used to 
the back ; moderate currents every day or other day for S-10 min- 
utes. The vesiculae seminales may easily be faradised by means 
of a rectal electrode (fig. 69) ; or a weak galvanic current (8-10 
cells) applied by means of the urethral electrode (fig. 71) to the 
often hyperaesthetic orifices of the ducts for 2 minutes. These local 
applications may be made conjointly with the more general ones 
just described. 

The efficacy of electrisation in amenorrhea of functional origin is 
now universally recognized. It appears to act chiefly by reflex 
action, and need not necessarily be applied to the uterus itself. 
Energetic faradisation or galvanisation, better still galvanofaradi- 
sation, from lumbar to suprapubic region, (with large plate 
electrodes for 10 minutes daily, especially at the time the menses 
should appear) should be tried first, in cases where intrauterine 
electrisation seems objectionable. Otherwise a uterine electrode 
connected with the negative pole of the galvanic battery (fig. 70) is 
introduced and the circuit closed, by placing the anode upon the 
abdomen or back. Weak current (about 8 m.a. according to 

2 
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Dixon Mann) for 10-15 minutes every other day. The latter 
method is useful in certain cases of Menorrhagia, whilst nervous 
dysmenorrhea may be relieved or cured by the internal, or external 
applications just described, and which should be, as usual, carried 
out between the menstrual periods. 

Electricity has been highly recommended by several gynaecologists 
for the treatment of chrotiic metritis and certain uterine displacements. 
The rationale is to act on the muscular elements of the organ itself 
and its surroundings. For this purpose either internal faradisation 
or galvanisation has been resorted to. The combined use of both 
currents with voltaic alternatives seems to me more promising 
in the accomplishment of the aim in view. The currents should 
be moderate, and applied about three times a week for about eight 
minutes. 

I have frequently had the opportunity in the out-patients' room 
to observe the beneficial effects of the current on the pains and 
sense of weariness or discomfort depending upon various ovarian 
or uterine derangements. The palliative results so obtained may 
be more or less permanent ; but generally speaking, electricity 
seems to deserve a much more extensive trial in uterine disorders 
than it has hitherto had. 

In midwifery practice faradisation of the uterus (one pole on the 
cervix, the other on the abdomen) is useful to excite the contrac- 
tions in cases of insufficiency during labour or of haemorrhage 
afterwards; the advantage of this method over the exhibition of 
ergot is that the effects of electricity are more complete and imi- 
tate nature by being intermittent. 

Excitation of the breasts by faradisation has been found effectual 
in cases of deficient milk secretion. Frequent applications of a 
quarter of an hour, with rather strong currents, should be made. 



DISEASES OF THE SKIN (CUTANEOUS TROPHONEUROSES). 

It has become generally recognised of late years, that in a num- 
ber of cases of cutaneous disorders, the nervous system is primarily 
at fault. As a sensory organ the skin is brought into a close phy- 
siological relationship with the nerve centres ; whilst embryologi- 
cally it has a common starting point with them, in the external 
germinative layer. 

Numerous lesions of the nerve-centres and nerve trunks, are fol- 
lowed by well marked cutaneous trophoneuroses, such as decu- 
bitus acutus, perforating ulcer, glossy skin, various eruptions, 
alterations in the hair and nails, etc. 

The pathology of many neurotrophic skin diseases, however, is 
still obscure; but it must not be forgotten that the absence of post- 
mortem changes in the nerve centres by no means excludes their 
participation in the production of peripheral morbid processes. For 
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as I have shown, some years ago,° with reference to the neuro- 
motor apparatus, we may as well assume that a functional distur- 
bance of the trophic centres will produce a visible manifestation — 
viz., an organic lesion — at the periphery, as that a dynamic altera- 
tion of a motor centre, is the cause of a hyper- or hypo-kinesis. 
Where the general clinical aspect of a case therefore points to 
a neurotic origin of the disease, the negative data of morbid 
anatomy will not disprove such a hypothesis. 

With the growing importance of the neurotic element in cutane- 
ous disorders, it was natural that electricity should be called in as 
a method of treatment, at least wherever the usual therapeutic 
measures failed to relieve. The number of cases recorded, in 
which it has been systematically employed, is as yet too small to 
derive any definite empirical rules of procedure, but sufficient to 
encourage further attempts in that direction. f Observers will 
have no difficulty to frame definite indications for each case, and 
fulfil them by rational applications of the currents after the general 
remarks at the beginning of this chapter, and the special directions 
given in the paragraphs on the treatment of nervous disorders. 

Applications in loco morbi (i.e. to the centres and nerve trunk in 
many cases) and symplomatis, of the galvanic current chiefly, and 
of both poles in succession, will probably be found the most useful 
in practice, as they are indicated according to the theory. 

The central applications will consist chiefly of strong currents to 
the spinal origin of the nerves, supplying the diseased parts ; the 
peripheral of labile galvanisation of the skin. When vasomotor 
disturbances are present in the upper part of the body, the sub- 
aural method may be resorted to (p. 178), and the current localised 
as much as possible in the cervical roots, by appropriate position 
of the electrode along the posterior edge of the sterno-mastoid. 

Some cases of very obstinate eczema, have been reported as hav- 
ing yielded to methodical galvanisation. It would be interesting 
to test its value in a larger number of similar cases, as well as in 
lichen, psoriasis, etc. — I have seen good results in neurotic bald- 
ness or alopecia areata, the growth of the hair following rapidly the 
first applications ; and here, on account of the unpleasant cerebral 
effects which otherwise ensue, it is necessary to apply the galvanic 
current by means of two medium sized electrodes, kept near one 



* " The pathogeny of lead paralysis." Lancet, 18S0. 

As this sheet is going through the press, I am gratified to find that the same 
view is propounded and developed by Prof. Erb, {Ncurologisches Centralblatt, 
No. 21, 1883). The study of peripheral nerve changes (disseminated neuritis, etc.) 
is being carried out actively. See abstracts in Brain, Jan., 1884. 

f It is not unlikely, that electricity will prove of use in certain forms of purely 
local skin affections. Its powerful influence upon the circulation and absorption in 
(and possibly also on the nutrition of) the diseased tissues, which in the case of 
the skin are so readily placed under its action, may prove of service in chronic 
cases, with much infiltration and thickening. Thus labile galvanisation has al- 
ready been found useful in acne. An obvious advantage of electricity as a local 
excitant, is that it can be applied repeatedly without leaving any traces of its pas- 
sage (Cf. however, p. 50). 
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another on the denuded surface. Other forms of loss of hair (after 
fever and specific disorders) are readily amenable to electri- 
city. 

I have also applied galvanism successfully to certain forms of 
local asphyxia with dystrophy of skin and nails (ordinary chilblains 
are usually amenable to either current, locally applied), and in 
sclerodcrmia. In the latter instance I used strong- galvano-faradisa- 
tion, chiefly to the diseased parts. Certain cases of hyperidtosis 
would seem to offer some chance of success to the electro-thera- 
peutist. Herpes which is a typically trophoneurotic disorder scarce- 
ly calls for any treatment when occuring in the young. In advanced 
life, however, it is a more serious disorder, pointing to diminished 
vitality of the nerve elements, and often accompanied and followed 
with intense neuralgia. The latter will have to be treated by 
strong galvanisation or faradisation, on the principles previously 
stated (p. 172). 
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ELECTROLYSIS. 

It is not my intention to give a full account of the application of 
the galvanic current, to the treatment of various tumours and the 
like, but merely to indicate the principles, according to which the 
operations should be carried out. 

The utmost confusion and uncertainty reigns in the literature of 
this subject; and this is chiefly on account of the dense ignorance 
which so universally prevails, as to the physical laws of electricity, 
and the consequent neglect of all methods of measurement.* And 
yet in electrotherapeutics, the necessity of such measurements is 
nowhere more apparent, nor the facility of carrying them out 
more obvious, a simple voltameter (p. 22) answering the purpose 
admirably. The hopelessness of arriving at any conclusion, from 
the recorded observations of electrolysis in aneurism, is manifest 
the moment we look through the tabulated lists of cases given by 
Poore, Bartholow, and others. Some operators used five cells of 
a weak (Smee's) battery, others thirty of a strong one (Stohrer's). 
Some close the circuit with two needles in the sac, others with one 
in it and an ordinary electrode outside. Some allow the current to 

* See however Dr. Dixon Mann's excellent paper on " Current Measurement in 
Electrolysis of the Blood " (British Medical Journal, 1878). I must add that 
Ciniselli, who introduced the electrolytic treatment of aneurism, expressly men- 
tions the fact, that he used currents strong enough to liberate two or three cubic 
centimetres of the mixed gases, in five minutes ; i.e. currents of about forty or 
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flow for twenty minutes, others for a period five times as long-. 
Moreover some used insulated needles, which concentrate the cur- 
rent at the point where it is to act; others non-insulated, which 
allow perhaps half of it to diffuse through the solid tissues, (which 
they electrolyse, causing dangerous sloughing). — The matter is 
further confused by the usual idle talk about the relative merits of 
batteries made up of " large elements " and of "small elements 
of low electromotive force," the former being recommended by 
some, whilst the latter are preferred by others as having a mysteri- 
ous property, vaguely ascribed to their "tension," of giving less 
pain. And yet the introduction of a galvanometer in the circuit 
shows that large cells give a much more powerful current through 
needles inserted in the tissues, than small ones (see p. 34). It 
likewise disposes of the argument that the two poles must be 
inserted into the sac, on account of the resistance of the skin ; it is 
easy to obtain a current of 50 milliamperes (with say 12 to 18 
Stohrers), when a couple of needles are inserted into the sac and 
the circuit closed with a very large plate electrode on the abdomen. 
Roller electrodes, fig. 45, are not convenient; but in order to avoid 
the burning sensation and vesication of the skin a layer of model- 
ler's clay may be effectually placed between the plate and skin, as 
suggested by Dr. Apostoli of Paris. 

The principles of the electrolytic action of the current will be 
found mentioned at page 50. When two needles are placed in a 
vessel filled with blood, coagulation occurs around the positive 
(anodic) needle only, the kathode giving rise to a frothy mass 
without consistence. The weight of the clot is proportional to the 
current-strength and the duration of its flow. We cannot, how- 
ever, argue directly from what is observed under experimental 
conditions, to the process of consolidation of an aneurism. In the 
one case the blood is altered and stationary; in the other it is liv- 
ing and moves. Moreover, the effect of the current on the sac 
itself may play an important part in the subsequent extension of 
the clot ; there is no doubt that the effects of an electropuncture 
are not limited to the time of operation, but are due in no small 
degree to subsequent deposition of fibrine, around the spots of 
current-action which act as foreign bodies with reference to the 
blood. 

Unless made of gold or platinum, the positive needles are dis- 
solved in the process of electrolysis. There is no disadvantage, 
however, in this fact ; the oxygen (as well as the chlorine, etc.), 

fifty milliamperes (see p. 23). The fact that his results were better than those 
of his followers, who neglected every measurement, is significant. 

It is astounding to read how some otherwise able physicians and surgeons, 
have literally played with electricity in the treatment of aneurisms ; • their en- 
deavours justify the comparison of the doctor to a man who shuts himself up 
in a dark room with the patient and the disease, and hits out with a club, in the 
hope of killing the latter ; generally missing it however, but occasionally hitting 
the former. Among curious therapeutic inanities, on the other hand, I may men- 
tion two cases I have recently seen, and in which the galvanic current had been 
applied by means of sponges to the skin, with a view of coagulating the blood of 
a thoracic aneurism. 
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liberated at the needle, combines with it instead of being- given off 
in a gaseous form and the clot is thus more solid. The weight of 
metal dissolved, is exactly proportional to the quantity of electri- 
city used during the operation. 

From the theoretical considerations just discussed, and the re- 
sults of my experience, I would advise the operator in a case of 
aneurism : 

i. To introduce into the sac several needles (see fig. 45) connected 
with the positive pole of the battery, which obviously must have the 
requisite electromotive force and depolarizing energy, (see page 
67) the usual small medical Leclanche elements are scarcely suited 
to the purpose), and close the circuit with one or more very large 
plate electrode, which may be applied to any part of the body. 

2. To use needles with thoroughly insulated shaft (glass or hard 
rubber are the best insulators), with spear headed points, taking 
care that the whole exposed part of the metal be within the sac. 

3. To use a measured current strength of 20 or 30 milliamperes 
at most per needle. 

4. To allow the current to flow for about half an hour at the first 
sitting, and increase the duration subsequently according to the 
results obtained. 

The needles should be removed very g-ently with a rotatory 
movement , and the external wound immediately closed, with lint 
soaked in collodion and a bag of ice applied over the aneurism. 

The operation being usually almost painless, when properly con- 
ducted, no anaesthetic is required, an injection of morphia an hour 
before may be of use however to subdue the apprehension and agi- 
tation of nervous patients. 

The operation may be repeated every week, or oftener; the fear 
of subsequent embolism, though natural, is ungrounded: at least no 
accident of the kind has hitherto been recorded. With reference 
to any counter-indications it must be confessed that much of what 
has been written on the subject is the fruit of theoretical considera- 
tions, or vitiated by taking into account operations performed in a 
senseless manner. Though electrolysis is scarcely to be expected 
ever to cure an aneurism, at least when aortic, the fact, that it is 
the only means we possess of relieving the patient, and that it pre- 
sents no dang-er when properly carried out, make it desirable 
that scientifically conducted operations should become frequent 
enough to give us the data necessary for generalisations of a 
practical value. 

Electrolysis has been used with varying success in the treatment 
of various solid and cystic tumours, naevi, enlarged glands, ulcers, 
etc. With reference to navi it may be recommended as a highly 
efficacious, painless method, and as leaving- usually but very faint 

* It might be convenient for some operators that " Voltametric needles" 
should be made; i.e., needles of which the uninsulated part has a definite weight 
of metal, so that its complete destruction in blood should represent a given quan- 
tity of electricity. A simple experiment (weighing a needle before and after a 
current of given strength has been used for a given time) would give the neces- 
sary data. 
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scars. Fine uninsulated needles maybe used; when the naevus 
is very small, one (the kathode) only need be introduced, whilst the 
circuit is closed by means of a plate electrode in the neighbour- 
hood. — Or two needles may be used/one connected with each pole. 

When the tumour is extensive a large number of needles are to 
be introduced in a circle into its base, and connected alternately 
with the negative and the positive pole. Care must be taken that 
the needles of opposite polarity do not come in contact within the 
naevus, as this would short-circuit the current, and stop all action. 

A bichromate battery of 15 cells is usually quite sufficient to 
electrolyse large naevi. It is best, especially for the small ones, to 
begin with a few cells only and increase the number gradually 
until the desired effect is produced. It is impossible to give any 
definite directions as to the absolute current strength required as 
this will vary largely from case to case. The operator must de- 
pend upon his personal experience for regulating both the inten- 
sity and duration of the galvanic action. The object is to solidify 
the tumour up to a certain point, at which its absorption may take 
place, but beyond which sloughing takes place. The finger must 
therefore be educated by practice to discover when that point is 
reached. In healthy children, however, there is no great harm in 
making small naevi slough out bodily, as the ulcer that is left, 
though deep, fills up and skins over very readily, galvanic eschars 
having the property of not contracting on cicatrisation. Anaes- 
thetics are necessary in the case of children unless the naevus be 
very small indeed. The pain, however, is quite momentary and 
no discomfort experienced after the current has been broken — a 
fact which adds to the superiority of the electrolytic over the other 
operations for naevus. 

In the case of port wine marks the object is rather to destroy the 
skin than cause coagulation. For this purpose numerous fine 
needles may be inserted superficially, either connected with the neg- 
ative pole only or alternately with both poles ; I have quite lately 
suggested, but have had no opportunity to test the method, to re- 
place the needles by a small disk of (uncovered) charcoal to be 
attached to the negative pole and applied to the surface. The new 
skin is paler than the normal ; but as just mentioned no contrac- 
tion follows the operation. Whilst on this subject I will add that 
warts, moles, and single hair follicles may readily be destroyed with 
the kathodic needle, and superfluous hair and other disfiguring 
abnormalities of the face removed without much pain and no sub- 
sequent scars. 

Solid tumours of a malignant nature, namely cancers, have been 
removed by electrolysis. It is useless to attempt to dissolve such 
growths ; the only hopeful plan is to insert numerous large needles 
along their base so as to separate the whole diseased mass from 
the healthy underlying tissues and leave the ulcer to granulate and 
skin over. Powerful currents and long applications are necessary 
for the purpose. The advantage of the plan is that it avoids the 
complications attending a knife-operation and its after treatment. 
Nodules of cancer growing from the cicatrix of previous removal 
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may be conveniently treated by this method. Electrolysis appears 
to have a sedative effect on the pains of cancer and deserves a 
more extensive trial in this respect than it hitherto has had. 

Fibrous tumours of the uterus are said to have been attacked with 
the electric negative needle with some success. Their growth 
seems to be arrested, at least, if their entire removal is not pos- 
sible. — Various polypi and other small superficial tumours have 
been easily and successfully destroyed by means of the needles and 
sufficiently strong currents. 

Enlarged glands may occasionally require removal, and electro- 
lysis being an easy and painless method should be first tried. The 
two poles should be introduced and 610 cells used. (External 
faradisation with strong currents sometimes acts beneficially on 
lymphatic enlargements). 

In electrolysing cystic tumours our aim should be less to destroy 
the growth, than so to alter its contents and the internal lining as 
to excite absorption. Successful cases of hydatids of the liver, 
cystic goitre, etc. have been reported. In some cases a solution of 
iodide of potassium has been injected into the cyst {e.g. in hydro- 
cele), by means of a trocar through which a long insulated needle 
was then passed, connected with the negative pole. The anode 
being placed on the surface. Nascent iodine in very small quan- 
tities is supposed to be formed at the surface of the lining mem- 
brane and so assist the effect of the electrolysis. A current of 10 
or 15 cells for about twenty minutes seems to be sufficient to obtain 
permanent results in hydrocele. — In the case of sebaceous tumours 
the following method may be tried where the simpler plan of re- 
moval by excision offers any objections. A small bulbar electrode, 
with insulated stem and connected with the negative pole is in- 
troduced into the tumour. The positive electrode, in the shape of 
a plate (p. 89) with a hole in its centre through which the tumour 
protrudes, is applied outside, and the current made as strong as 
bearable. The kathodic bulb is then made to act upon every 
point of the lining membrane so as to destroy its vitality. 

Strictures of the urethra have frequently been removed by electro- 
lysis. A bougie a size larger than the stricture with a metal tip 
connected with the negative pole is introduced, and made to press 
against the stricture. A current of 6 gradually increased to 12 or 
15 cells is then made by applying a very large electrode to the 
thigh or abdomen, and the bougie gradually slips through the elec- 
trolysed tissues. The operation is repeated at intervals of a few 
days if necessary. The advantages of the method are the absence 
of danger and fever, as well as of consecutive contraction of the 
strictured part. Stricture of the oesophagus might be attacked on 
the same principle. 

Indolent or painful ulcers may be much improved by slight elec- 
trolysis. This may be effected by means of a silver and a zinc 
plate connected with a piece of telegraph wire and applied for 

* It must be noted, however, that electrolysis has succeeded in cases of goitre 
where previous treatment by means of iodine injections had failed. 
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twenty-four hours or more, the silver being fixed to the ulcer, the 
zinc to the skin with a piece of moistened linen intervening ; or a 
stronger current may be applied daily by means of metal elec- 
trodes for a shorter period. Apostoli recommends the following 
method : — The skin around the ulcer is painted over with collo- 
dion ; the ulcer filled with modeller's clay and the metal electrode 
made to cover the latter. — In all applications of long duration 
measures must be adopted against the dessication of the elec- 
trodes. 

The anode is said to diminish, the kathode to increase, the 
suppuration of the ulcer. It must be noted that when the 
simple silver-zinc couple is applied as above described the exter- 
nal circuit is formed by the wire, the liquids of the body represent 
the exciting fluid of the cell, the current flowing inside the body 
from the zinc to the silver, and the effect is the same therefore as 
when the kathode of the battery is applied to the ulcer. 
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Abdomen, igo 
Abdominal neuralgia, ig2 
Absolute galvanometers, 28 
ACC (anodic closure contraction), 100 
Accessories, 82 
Acne, 197 

Acoustic nerve, 167, 188 
ADC (anodic duration contraction), 100 
After effects, ri2 
Alopecia, ig7 
Alternatives (voltaic), 108 
Amalgamation, 55 
Amenorrhcea, r95 
Ampere (or Weber), unit of current 

strength, 15 
Anaemia, cerebral, 177 
Anaesthesia, 171 
Anelectrotonus, 101 
Aneurism, 198 
Angina pectoris, igo 
Anode, 5 

Anodic reactions, 101, 105 
AOC (anodic closure contraction), 100 
Aphasia, 176 
Aphonia, 185 
Arm, nerve of, 186 
Arthritis, ig4 
Articular rheumatism, ig3 
Arrangement of elements in batteries, 32 
Ascites, ig2' 
Asphyxia, 185 

,, of extremities, 198 
Asthma, 190 

Ataxy, locomotor (see tabes dorsalis) 
Atonic (conditions of digestive organs), 

191 
Atrophy, simple and degenerative, 133 



Bath (electric), 102 
Batteries, 51 
Bichromate of potash element, 6g 
Bladder, 194 
Blepharospasm, 170 
Brain, electrisation of, 118, 174 
Break (see opening) 
Brush (faradic), gi 
Bulbar paralysis, 178 
Bunsen element, 65 



Cancer, electrolysis of, 201 
Catalysis, 147 

Cathode (see kathode) 

Cells (see elements) 

Central galvanisation, 162 

Central treatment, 166, 174 

Cerebral diseases, 123 

,, haemorrhage and softening, 176 
,, effects of galvanism, 118 

Cervico-brachial and occipital neuralgia;, 

174. 

Chemical effects, 4g (see electrolysis) 

Chilblains, ig8 

Choice of current (for treatment), 150 
,, „ electrodes, 153 

Chorea, 181 

Chloride of silver element, 5g 

Cirrhosis (see degenerative atrophy) 

Clay electrodes, igg, 202 

Closure (make), g8 

Collectors, 84 

Commutator, g4 

Comparison of excitations, 135 

Conditions of equal excitations, 138 

Conductivity (see resistance) 

Connections, 89 

Constancy of current, 38 

Constant current (see galvanism) 

Contractures, 168 

Cramp (see spasm) 

Current, 3 

,, Choice of, 150 

Current alternator, commutator and com- 
biner, g5 
,, measurement, 22 
,, reverser (see commutator) 

Currents (weak, strong etc,) used in medi- 
cal practice, 15, 151 

Cystic tumours, 202 



Daniell's cell, 62 
Degeneration (degenerative atrophy), 
127 
Density, 41 
Derived currents, 40 
Diabetes, 182 
Dial-collector, 86 
Diaphragm (see phrenic nerve) 
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Diffusion of current, 42 
Diphtheritic paralysis, 187 
Direction of current, 104, 107, 147 
Disposition of electrodes, 153 
Dyspepsia, 191 
Dynamic electricity, I 



Ear (diseases of the), 188 
Ear (electrophysiology), 117 
Eczema, 197 
Electricity definition, 1 
Electrification, 1 
Electrisation (therapeutical), 156 
Electrodes, 89, 153 

,, large, medium, small, etc., 90 
Electrodiagnosis, 120 

,, (practice of), 143 

Electrolysis, 50 

,, of tumours, 198 

Electromotive force, 5, 18 
Electromuscular and nervous excitability, 

123, 125 
Electrophysiology, 97 
Electroprognosis, 135 
Electrotherapeutics, 146 
Electrotonus, 101, no 
Elements (galvanic), 51 
Enteralgia, 192 
Enuresis, nocturna, 194 
Epidermis, resistance of, 44 
Epilepsy, 181 
Excitability of nerve and muscle, 97 

,, faradic, 109 

„ galvanic, g7 

„ „ in disease, 122 

Exophthalmic goitre, 182 
Extra-current (primary), 71 
Eye reactions to galvanism, 116 
,, Diseases of, 188 



Facial neuralgia, 173 
,, paralysis, 133, 184 
,, spasm, 170 
Fallacies of electrodiagnosis, 142 
Faradisation, 160 

,, general, 162 

Faradism, 2, 69 
Faradic apparatus, 76 
Faradic excitation of motor nerves, 109 



Galvanisation, 158 
Galvanic cell, 9 
Galvanism or Voltaism, 1 
Galvanic apparatus, 51 
Galvanic excitation of motor nerves, 97 
Galvano-faradisation, 163 
Galvanometer, 25 

,, in diagnosis, 140 

Galvano-puncture, 174 
General electrisation, 162 



Glands, enlarged, 202 
Graduation of current, 82 
Graphical representation of electric phe- 
nomena, 16 
Grenet element, 67 
Grove element, 65 



Hair, removal by electrolysis, 201 
Headache, 178 
Heart, excitation of, 114 

,, neuroses of, 190 
Hemicrania, 183 
Hemiplegia, 176 
Herpes, 198 
Histrionic spasm, 170 
Human body as conductor, 43 
Hydrocele, electrolysis in, 202 
Hyperaesthesia, 172 
Hyperemia (cerebral), 177 
Hyperidrosis, 198 
Hypochondriasis, 181 
Hysteria, 181 



Impotence, 195 
Incontinence of urine, ig4 
Induced currents (see faradism) 
Interrupted galvanisation, 160 
Intercostal neuralgia, 174 
Intestinal obstruction, ig2 



Katelectrotonus, 101 
Kathode, 5 
Kathodic reactions, 105 
KCC (kathodic closure contraction), gg 
KDC (kathodic duration contraction), 100 
KOC (kathodic opening contraction), 100 



paralysis 



Labile galvanisation, 159 
Labio-glosso-pharyngeal 

(bulbar), 178 
Larynx, 185 
Late rigidity, 176 
Lateral sclerosis, 179 
Law of contractions, 100 

,, of sensory reactions, 115 
Lumbago (see Rheumatism) 
Lungs (neuroses of), 190 
Lead palsy, 187 
Leclanche element, 56 
Liver (congestion), 192 



Magneto-electric instruments, 80 
Magnetism (terrestrial), 30 
Malingering, 123 
Make (see closure) 

Maximal and minimal contraction, 122 
Measurements, 18, 20, 22, 28 
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Meningitis (spinal), 179 

Menorrhagia, 195 

Meteorism, 192 

Methods of electrisation (polar), 147 

Metritis, ig6 

Mechanical effects (osmosis), 47 

Megrim, 183 

Measurements, 18 

Milk (secretion of) 196 

Milliampere (formerly called Milliweber), 

13,28 
Modal alterations of contraction, 122 
Modifying influence (electrotonus), 146 
Monoplegia, 177 
Motor nerves, 97 

,, electrophysiology, 97 

,, electrodiagnosis, 125 
Motor points, 114 (cf. Plates). 
Muscle, excitation of, 113, 145 
Muscular atrophy, 180, ig3 
,, rheumatism, 193 
Myelitis, 178 



Naevi, electrolysis of, 200 
Negative pole (see kathode) 

Nerves (electro-physiology), 97 

Neuralgia (and neuralgiform affections), 
172 

Neurasthenia, 181 

Neuritis, 184 

Neuroses, 181, 190 

Normal polar formula (see law of con- 
tractions). 



Obstruction, 192 
Ohm (unit of resistance) 13 
Ohm's law, 12 

Opening (break) of current, 98 
Optic nerve, electro-physiology, 116 



Pain, 172 
Painful pressure points, 169 
Paralysis, 165 

,, agitans, 182 
,, infantile, 179 
Paraplegia, 179 
Paresis, 165 
Partial RD, 131 
Peripheral nerve lesions, 125, 184 

„ treatment, 166 

Peripolar zone, 103 
Peroxide of manganese element, 56 
Phrenic nerve, 185 
Plexus, brachial and lumbar, 134 
Plug collector, 84 
Physical effects, 48 
Polar effects, 104 
,, method of treatment, 147 
,, zone, 103 



Polarisation of batteries, 38 
„ cells, 68 

,, of nerves (see electrotonus) 

,, of tissues, 50, 119 

Pole (positive or anode, negative or 
kathode), 5 

Poliomyelitis, r7g 

Port wine marks, electrolysis of, 201 

Position of electrodes, 153 

Posology, 151 

Potentials, 2, 42 

Ptosis (see eye) 

Pressure points, 170, 172 

Primary current, 75 

Progressive muscular atrophy, 180 



Q 



ualitative and quantitative alterations, 
122 



Railway spine, 180 
Reaction of degeneration (RD), 127 
Rectum reaction, normal, 123 
Reflex action in electrisation, 167 
Regeneration, 127 
Resistance, 10, 20 
Respiratory spasms, 170 
,, neuroses, igo 
Reversed galvanisation, 160 
Rheophores, 88 
Rheostat, 20, 82 
Rheumatism, 193 
Roots, cervical and lumbar, 134 



Sciatica, 174 
Sclerodermia, 198 
Scrivener's palsy, 182 
Secondary coil, 72 
Secondary current, 75 
Secretory nerves, ng 
Sensory nerves, (electrophysiology of), 

115 
Serial alterations, 122 
Sick headache, 183 
Skin (resistance of), 45 

,, faradisation, r6o 

,, diseases, rg6 
Sledge collector, 85 
Smee element, 66 
Spasms, 168 
Spinal cord, ir8 

,, diseases, 123 
Spinal irritation, 180 
Spleen, ig2 

Stabile galvanisation, 158 
Static electricity, 1 
Stohrer's elements, 66 
Strength (current) 14, 20 
Strictures, electrolysis of, 202 
Strong (medical) currents, 15 
Subaural galvanisation, 164 
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Sulphate of copper element, 62 
,, „ mercury ,, 64 

Sympathetic, 118, 164 
Symptomatic treatment, 166 
Syphilitic paralysis, 187 



Tabes dorsalis, 179 
Tangent galvanometer, 26 
Taste (galvanic), 117 
Tension, 34 
Tetanus, 182 

,, (duration contraction), 100 
Tic convulsif (see facial spasm) 

,, douloureux (see neuralgia) 
Tinnitus aurium, 1S9 
Torticollis, 170 
Toxic paralysis, 187 
Traumatic paralysis, 127, 184 
Treatment " in loco morbi " and " in loco 

symptomatis ", 165 
Trigeminus, 173 
Trismus, 170 
Trophic nerves, 119, 131 
,, changes, 127, 196 
Tympanitis, ig2 



Ulcers, electrolysis, 202 
Units, 12 
Urinary organs, 194 
Uterine disorders, rg5 
Unipolar method, 147 



Vasomotor nerves, 118 
Virtual electrode, 104 
Volt (unit of electromotive force), 13 
Voltaic alternatives, 108 
Voltameter, 23 
Vomiting, 191 



Warts, electrolysis of, 201 
Weber (see Ampere), 
Writers' cramp, 182 
Wryneck, 170 



Zinc carbon element, 66 



MOTOR POINTS AND MOTOR ROOTS. 

The accompanying plates illustrate the position of the chief nerve trunks and 
motor points of muscles (see page 113) accessible to localised electrical excitation. 
The student should diligently practice upon himself the art of applying the cur- 
rent to individual muscles and nerves, he will thereby gain a much more rapid 
and perfect understanding of the process, which when properly conducted is by no 
means painful. 

The facility with which the excitation can be localised varies much in different 
individuals, especially with regard to the deeper structures. The greater the 
accumulation of subcutaneous fat the more difficult it is to obtain contractions of 
single muscles. The strength of current required, and the degree of pressure to 
be exercised upon the electrode vary a good deal in each case according to the dis- 
tance and nature of the tissues, intervening between the surface and the particular 
structure to be reached. 

I have added short tables showing the nervous supply of muscles, and the 
relations of nerve trunks to the cerebro-spinal motor roots (cf. p. 134). Some 
nerves (e.g. ulnar) are thereby shown to arise from circumscribed portions of the 
spinal grey matter, whilst others (e.g. musculospiral) receive fibres, from a much 
more extensive area. Physiological experiments and clinical observation, how- 
ever, alone can determine in the latter case with how many roots each muscle 
supplied by such a nerve is in relation. 

As far as our present knowledge goes, we may, I think, assume as a law, that 
the greater the number of co-ordinated movements in which a muscle takes part, 
either as an associate or an antagonist, the greater the number of spinal centres (or 
spinal segments) with which it is connected. It is probable that every group of 
muscles producing flexion or extension, or adduction, etc., of an articulation is 
under the dependence of a chief centre by the acting of which its simple, forcible, 
contraction is brought about. In addition to this we must assume subsidiary cen- 
tres, or at least subsidiary functions of the chief centres, through which the neces- 
sary simultaneous concourse of other muscles is ensured. Thus we find the 8th 
cervical and 1st dorsal roots, which are chiefly distributed to the flexors of the 
hand and fingers, send a branch to the musculospiral which innervates the exten- 
sors; now it is easy to demonstrate that a firm closure of the hand is impossible 
unless the wrist is supported by a contraction of the extensors. On the contrary 
the intrinsic muscles of the hand, the co-operation of which with the long extensors 
is not obligatory, receive their almost exclusive supply through the ulnar nerve, 
from the lower two roots of the cervical plexus.* 

This question of spinal motor centres is peculiarly interesting to the electro- 
therapeutist who by skilful diagnostic applications of the currents, combined with 
a knowledge of the anatomy and physiology of the neuromuscular apparatus, pos- 
sesses the means of throwing much light upon a number of morbid processes of 
which atrophic paralysis of muscles is a prominent symptom. 

* Prof. Erb has lately discovered a motor point in the neck, (see Plate I.), corresponding to the 
united 5th and 6th cervical roots, excitation at which throws into contractions the deltoid and 
some scapular muscles, together with the biceps, brachiaHs and supinator longus. The latter three 
are flexors of the arm ; here then we have a good illustration of the common central innervation of 
muscles physiologically related to one another, though supplied by different nerve trunks. (See 
also, "On the Functions of the Brachial Plexus," Dr. Poore's Bradshaw Lecture, Lancet, 1881, 
vol. ii.) 



BULBAR BOOTS. 

III. Oculomotor. 

Levator palpebral. 
Rectus superior. 
Rectus inferior. 
Rectus internus. 
Obliquus inferior. 

Iris (constrictor fibres). 

Ciliary muscle. 

IV. Trochlear. 

Obliquus superior. 

VI. Abducens. 

Rectus externus. 

V. Trigeminus. 

Inferior maxillary division. 

Temporalis. 

Masseter. 

Pterygoids. 
Inferior dental nerve. 

Mylohyoid. 

Digastric (anterior portion). 

VII. Facial. 

1. Through the sphenopalatine ganglion. 

Azygos uvulae. 
Levator palati. 

2. Through the otic ganglion. 

Tensor tympani. 
Tensor palati. 

3. Laxator tympani. 
Stapedius. 

4. Chorda tympani. 

Lingualis. 

5. Posterior auricular. 

Retrahens aurem. 
Occipito-frontalis. 

6. Stylohyoid. 

Digastric (posterior portion). 
Platysma myoides (with 3rd cervical). 

7. Muscles of the face. 
Muscles of the external ear. 

XI. Spinal Accessory. 

Stylopharyngeus. 
Constrictors of pharynx. 
Laryngeal muscles. 
Sternomastoid (with 2nd cervical). 
Trapezius (with 3rd cervical). 
XII. Hypoglossus. 

Linguales. 

Styloglossus. 

Hyoglossus. 

Genio-hyoglossus. 

Omohyoid 



Omohyoid ) 

Sternohyoid 1 (with 2nd and 3rd cervical) 

Sternothyroid j 



CERVICAL AND FIRST DORSAL ROOTS. 

I. Deep rotators, &c, of head. 

II. Complexus. 
Splenitis. 
Trachelo-mastoid. 

III. Platysma (with facial). 
Levator anguli scapulse. 
Trapezius. 

IV. V. Phrenic (diaphragm). 

Scaleni. 

(IV.) V. DORSALIS SCAPULAE. 

Rhomboids. 

SUBCLAVIUS. 

V. VI. Posterior thoracic. 

Serratus magnus. 
Suprascapular. 

Supra- and infra-spinatus. 

V. VI. VII. External anterior thoracic. 

Pectoralis major (with int. ant. thor.) 
Musculocutaneous. 
Coraco-brachialis. 
Biceps. 
Brachialis anticus (with musculospiral). 

,,;.'.. V \ 1 Subscapulars. 
(VIII. I dors.) 5 Subscapularis. 

Teres major. 

Latissimus dorsi. 
Circumflex. 

Deltoid. 

Teres minor. 
Musculospiral. 

Triceps. 

Anconeus. 

Supinators. 

Long extensors of hand and fingers. 

^TT^^V} MEDIAN. 

VIII. I DORS J p ronators . 

Long flexors of hand and fingers (with ulnar). 
Lumbricales (ist and 2nd). 
Opponens and abductor pollicis. 
Flexor brevis pollicis (outer half). 

VIII. I dors. Internal ant. Thoracic 
Pectorales. 
Ulnar. 

Flexor carpi ulnaris. 

Flexor profundus digitorum (with median). 

Interossei. 

Lumbricales 3rd and 4th. 

Adductor and flexor brevis pollicis (inner half). 

Abductor, opponens and flexor brev. min. digiti. 

Palmaris brevis. 



LUMBAR AND SACRAL ROOTS. 

I. Rectus'abdominis. 
Obliquus internus. 

I. II. Cremaster. 

II. III. Psoas, iliacus. 

II. III. IV. Anterior crural. 
Sartorius. 

Pectineus (with obturator). 
Rectus femoris. 
Vastus externus et internus. 
Crureus. 

Obturator. 

Obturator externus. 

Pectineus. 

Gracilis. 

Adductor magnus (with sciatic). 

Adductor longus. 

Adductor brevis. 

IV. V. Superior gluteal. 
Gluteus medius. 
Gluteus minimus. 
Tensor vaginae femoris. 

IV. V. I. II. III. Obturator internus. 

Gemelli. 
Quadratus femoris. 

Great sciatic. 
Flexors of leg. 
Adductor magnus (with obturator). 

Internal popliteal. 

Gastrocnemius, and other flexors of ankle 
Flexors of toes. 
Intrinsic muscles of foot. 

External popliteal, or peroneal. 
Tibialis anticus. 
Extensor of toes. 
Peronei muscles. 

II. Pyriformis. 

III. IV. Pudic nerve. 

Perineal muscles. 
Levator ani. 

IV. Sphincter ani. 
Coccygeus. 



Frontalis' 

Facial [upper) 

Corrugatorsuperc. 

Orbicularis palp, 
Nasal muscles \ 

Zygomatici 
Orbicularis oris j 

Facial {middle)' 
Masseter 

Levator menti 
Quadratus ,, 
Triangularis ,, 

Hypoglossu: 
Facial (lower)- 

Platysma myoides 
Hyoid muscles \ 

Omohyoideus' 



Ext. Anterior \ 
thoracic (pec- I 
toralis major) ) 




Ascending frontal and- 
parietal convolutions 

(motor area) 



3rd frontal convolution 
and insula (centre of 
speech) 

Temporalis 

Facial {upper branch) 

Facial {trunk) 
-Post, auricular 
Facial (middle branch) 

Facial (lower branch) 
-Splenius 

Sterno-mastoideus 

Spinal accessory 
Levator anguli scapula; 

Trapezius 

Dorsalis scapula 
(rhomboids) 

Circumflex 

Long thoracic (serra- 
tus magnus 



Phrenic 



$th and 6th cervical 
(deltoid, biceps, bra- 
chialis, supin. longus) 



Brachial plexus 



Triceps {cap. long.) 

Triceps (cap. intern.) 
Ulnar { 



Flexor carpi ulnaris. 
Flex. dig. corn, prof, 



Flex. dig. (II et I 
III)subl. )' 



Flex, dig (ind. et) 
min.) subl. J 



Palmaris brevis 

Abductor dig. min. 

Flexor dig. min. 

Opponens dig. min. 



Lumbricales 



Brachialis in- 

ternus 




Flex, digit, sublimis 

Flex, pollicis longus 
Median 

Abduct, poll. 
Opponens pollicis 

Flex. poll, brevis 

Adductor poll, brevis 



PLATE IIT. 



Deltoideus (poste- 1 
riur portiun) f 



Muscu!ospiral 
Brachialis intern. 

Supinator long. 
Ext.' radialis long. 

Ext. rad. brevis 

Ext. digit, commun 

Extensor indicis 

Ext. oss. metac. poll. 
Ext. prim, intern, poll. 



Interossei dorsal. (I and II) j 




Triceps (cap. long.) 



iceps (cap. extern.) 




Ext. carpi ulnaris 

it '$'I$~~~~~~ Supinator brevis 

— Ext. min. digit. 
Ext. indicis 

\ Ext. sec. intern, poll. 



Abduct, min. digit. 



Inteross. dorsal. (Ill 
and IV) 



PLATE IV, 



Cutral 



Adductor magnus 
Adductor longus 




j Ten 



sor vag. femoris 



Sartorius 

„ i 

X -7 — iffl — Quadriceps (common point) 

— -Rectus femoris 

Vastus extemus 



Biceps J 
femoris ' 



(cap. long.) 



I (cap. brev 



Peroneal 



Gastrocnemius (cap. ext.) 



Flexor hallucis long, 




Gluteus maximus 



#1 Adductor magnus 

• J Semitendinosus 

Semimembranosus 



Gastrocnemius (cap. int.) 



Flexor digit, coram, long. 



— --Tibial 



Tibialis anticus 
Ext. digit, longus 



Peroneus brevis- 



Extensor hallucis longus 



Interosseidorsales { 




Peroneal 



Gastrocnemius 
Peroneus longus 



Soleus 



Flex, hallucis long. 



Ext. digit, brevis 
Abductor min. digit. 
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